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PREFACE TO THE ENGLISH EDITION 

In writing a few words of introduction for this English trans- 
lation of my book, I should hke first of all to express my thanks 
to the pubhshers for their courage in venturing to bring out in 
England, in despite of the general world crisis, so extensive a book 
by a foreign author. In the next place I wish to say that I count 
it a peculiar honour and pleasure to be able to make with this 
book some return, as it were, to the world of English speech for 
the many important works of a similar character which English 
and American authors have given to the German pubhc. I need 
only mention Faraday, Maxwell, Lord Kelvin, Tait and Snyder 
in the past, and, in more recent times, Eddington and Jeans. 
The task of expressing in simple form to a wide public the great 
results of scientific research, and of attempting to evaluate from 
a general and philosophic point of view the significance of these 
results, and of the great problems still unsolved, is one that has 
always appealed to the leaders of English science as nobile officium, 
a worthy and a noble duty, and foimdations such as the famous 
Gifford lectures have been instituted with no other purpose. In 
Germany, unfortunately, such a tradition is not as strong as could 
be wished, although there has been some improvement in this 
respect in recent times, and when occasionally German men of 
science, e.g. Haeckel, have embarked upon more comprehensive 
philosophic discussions the result has not always been particularly 
fortunate. 

A German who wished not only to study science but also to 
examine the great general and philosophic questions at the back 
of his special subject was thrown largely upon the reading of such 
English books as I have indicated, and I remember with gratitude 
the great impression which they made upon me as a young 
student. Here was something like a true 'universiias liter arum' 
which was long, and I fear still is, little more than a phrase with 
us Germans. However, as a result of rapid development and 
inevitable specialisation, young men in all countries, England and 
America included, now find themselves so immersed in their own 
special branches of science that they scarcely have time or energy 
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to devote to the study of more comprehensive problems. Already 
before the World War Germany was the farthest advanced along 
the path of specialisation. It is not surprising, perhaps, that in 
this country the need was, and is, most strongly felt of an escape 
from this state, which becomes unendurable in the long run - a 
need of supplementing the speciahst's knowledge by a more 
comprehensive consideration of the problems of science, without 
which the former is little more than a kind of scientific trade. It 
is only on some such basis that I can explain the astonishing 
success which this book of mine has had in Germany, although, 
or perhaps because, the author is neither engaged in research (not 
even in his special subject of physics) nor is a professional phil- 
osopher. There is, apparently, an outstanding need of a real 
synthesis on broad philosophic lines of the inexhaustible material 
of natural science, and I believe and trust that this need is felt 
in England and America almost as urgently as in Germany. 

It was clear to me from the start that this need could be met in 
a way that would satisfy men of science only if the presentation 
dealt in the first place with the scientific results and not the 
philosophic problems. This book therefore deals with Inductive 
Philosophy, so to speak: the philosophic questions grow naturally 
out of the results and problems of science. I confidently believe 
that this method is the one that will commend itself to English 
scientists. 

Finally I should like to express my best thanks to the translator 
for the trouble which he has taken with his task, and for sub- 
mitting the manuscript for my perusal. This has made it possible 
for me to improve and amplify in one or two places the text 
of the last German edition. I have completely recast the section 
dealing with the present state of our knowledge of primitive man . 
I shall be very grateful for any corrections or suggestions from 
English or American readers. 


The Author 



TRANSLATOR'S NOTE 

The writing of this Note concludes a most interesting task. 

I have done my best to adapt the very full notes and 
bibhography for the use of English readers, by replacing 
German references by English where this was possible. Dr. 
Bavink’s bibhography is given in full, with translations sub- 
stituted for foreign works where these exist. I have added a 
supplementary bibhography of some recent Enghsh works 
representing diverse opinions. 

Dr. Bavink read the MS., and I am much obliged to him 
for many suggestions and addenda. I am also greatly indebted 
to Professor H. Munro Fox and Dr. H. I. Coombs for their 
valuable assistance in the biological and biochemical sections. 

H. Stafford Hatfield 
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PART I 

FORCE AND MATTER 

When man awakes to reflection concerning himself and the 
world around him, the first piece of fundamental knowledge 
which offers itself to him is the difference between hving and 
dead bodies. He draws the boundary between these two classes, 
wrongly, it is true, to our present ideas, but he always draws it. 
The distinguishing mark of the non-living is for him the fact that 
the body in question cannot move ‘on its own accoimt.’ Such 
bodies require to be moved by human or animal muscular power; 
or by other causes acting in nature, which, by analogy, have like- 
wise been called forces. Apart from changes of position, non- 
living substances are able to undergo all sorts of 'changes of 
state’; they are able to change their form, their temperature, and 
so on, but they may also be transformed into quite different sub- 
stances, as when iron rusts, copper forms verdigris, and so on. 
Changes of this sort are also, by a further extension of the concept 
of force, referred to the action of certain ‘forces of nature,’ and we 
can thus summarise our first and simplest experience of the non- 
living world as follows: 

The bodies of the non-living world consist of various kinds of 
material, and are kept in a state of continual motion and change by 
the action of forces. 

When the question is considered more deeply, these facts lead 
us to three problems; 

1. What is substance or matter, and how are various kinds of 
matter really different from one another ? 

2. What is force, and how do the various kinds of force differ 
from one another ? 

3. How does force act upon matter ? 

These three questions may be regarded as the fundamental 
problems of all science of non-living nature - or in our present 
day terms, physics and chemistry. It can in fact be shown that 
they are not yet finally solved even to-day, although their three- 
fold character appears to be only provisional (see below). 
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But while the scientist, at least since the foundation of empirical 
natural science by Gahleo, only attempts to approach these pro- 
blems of his step by step, the philosopher takes another course. 
He is interested by the general question which is behind these 
problems. The general descriptions 'matter,' 'force,' already point 
for him to a final unity behind them, and assuming this, he arrives 
at the conviction that in order to imagine anything at all happen- 
ing in the world, there must be a fundamental substance, to 
which, with which, or in which something happens. And that, 
secondly, everything that happens in the world must be regarded 
as a change in the 'states,' or 'accidents' of this substance or sub- 
stances; and thirdly, that force must always be regarded as the 
active cause of such changes of state. 

According as the philosopher leans in his theory of knowledge 
to ideahsm or realism, these three statements are then regarded 
either as statements concerning the real world itself, or as neces- 
sary forms of our thought concerning the world (the latter being 
for example Kant's view). And up to the present day, many 
philosophers are of the opinion that they in fact state, in one way 
or the other, the last truth concerning nature (so far as we leave 
life out of consideration for the present). We shall show in this 
book that this opinion is vulnerable in more than one respect, and 
that everything rather points to there being here, not three 
separate problems, but in truth only one; and that our present 
day science of inorganic nature has already approached very 
closely the final solution of this single problem. We can only, in 
following out our programme, touch quite by the way on historical 
matters ; we shall rather build up our point of view systematically, 
and for this purpose we shall begin with that science which has 
to do with the problem of matter : chemistry. 
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THE FUNDAMENTAL FACTS OF CHEMISTRY 

Present day chemistry knows of about three quarters of a 
million single definite substances,^ such as water, sulphur, 
common salt, iron, soda, sugar, indigo, vanilla, urea, etc., etc. 
Every educated person also knows, even if he is otherwise 
almost totally ignorant of chemistry, this much at least: that all 
substances can be decomposed by chemistry into certain funda- 
mental substances or ‘elements,’ and that they can for the most 
part also be built up again from these elements by combin- 
ation, naturally with the exception of those, such as iron and 
sulphur, which are themselves elements. 

Most people also know that the great majority of the 92 known 
elements are metals (e.g., iron, copper, silver, zinc, sodium, 
potassium, magnesium, aluminium) and that besides these there 
are 14 non-metals, namely hydrogen, oxygen, nitrogen, carbon, 
fluorine, chlorine, bromine, iodine, sulphur, selenium, phosphorus, 
arsenic, boron, silicon (three others, tellurium, antimony and 
germanium being on the border between metals and non-metals). 
It will also be known to many that modem chemistry has added 
6 very pecuhar gases, hehum, neon, argon, krypton, xenon and 
radium-emanation, which are distinguished from all other elements 
by complete incapacity for chemical combination. 

Of these 92 elements, only about two dozen play a practical 
part,* the others are so rare that they are only of interest to 
science. The whole of living matter consists of substances which 
mostly contain only the first four elements named, H, O, N, C, 
while very many contain only H, O, and C. Many organic sub- 
stances, as for example most proteins, also contain sulphur and 
phosphorus; and compoimds of other elements such as iodine, 
chlorine, magnesium, iron, etc., also occur here and there in 
plants and animals. On the other hand, the sohd crust of the 
earth consists for the most part of the silicates of a few metals, 
namely aluminium, magnesium, calcium, iron, sodium and 
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similarity exist between single groups of elements, and show 
themselves particularly in the numerical values of the atomic 
weights - a term which we shall presently explain. But it was 
only in the year 1869 that the German Lothar Meyer, and the 
Russian Mendeleeff, succeeded almost simultaneously in extend- 
ing these relationships, hitherto regarded more as a play with 
figures than a serious scientific problem, and thus arranging the 
whole of the elements hitherto known (fully 60 in number) in a 
system of such relations of similarity. Since this system, the 
so-called Periodic System of the elements, plays a fundamental 
part in our whole physico-chemical knowledge of to-day, we must 
describe it a little more closely, assuming for a moment the funda- 
mental concept of atomic weight. 

Mendeleeff and Meyer noticed that when the elements are 
arranged in the order of their atomic weights, beginning with 
hydrogen, H == i, and ending with uranium, U = 238, that 
elements similar to one another recur at definite intervals. If we 
leave hydrogen and also helium (He = 4) out of account, the 
first two 'horizontal rows’ of the Periodic System, each consist- 
ing of eight elements, are as follows : 

Li = 7 Be=9 B =ii C= 12 N=i4 0=i6 F =19 Nc=2o 

Na=23 Mg=24 A1 =27 81=28 P = 3r 8=32 €1=35 A =40 

The correspondence between the elements which are below one 
another here is almost complete. Upon these two so-called small 
periods, two larger ones of 18 elements each follow, namely, 

K, Ca, jSc, Ti, V, Cr. Mn, Fe, Co, Ni, Cu. Zn. , Ga, Ge. As. Se. Br.Kr 
Rb.Sr. i Y. Zr, Nb.Mo.Ma, Rii, Rh, Pd. Ag, Cd, ; In, Sn. Sb. Te. 1, X 

in which the correspondence is again almost perfect. Further- 
more, the first two elements of these series (K, Ca, and Rb, Sr, 
metals of the alkalis and alkaline earths) correspond to the two 
first of the small periods, and the last six to the last six of the 
small periods, with great exactness. Hence the two i8-pcriods 
are best regarded as two 8-periods in which the ten elements 
enclosed by a line are interpolated. The table continues in a 
similar, though more complicated, way, and the reader may refer 
to the arrangement given in note 106. 

What we have given here is however the present day arrange- 
ment of the Periodic System. In those days (1869), and up to a 
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short time ago, most investigators attempted to carry a period 
of 8 elements right through ; this arrangement is still found 
to-day in many books on chemistry. I even retained it in previous 
editions of this book, since it was then usual. Furthermore, in 
Mendel^eff's time the system was far from complete- He was 
obliged to leave gaps at many points, that is to say, to assume 
that elements still unknown must exist to fill them, and it is one 
of the greatest triumphs of the human spirit of investigation, 
that elements foreseen by him, and characterised in their pro- 
perties on the basis of his system, were afterwards discovered and 
found to confirm his predictions in all essential respects. Above 
all, this is true of the elements which were later called by their 
discoverers in accordance with their own nationality, Scandium, 
Gallium and Germanium. Later too, the discovery of missing 
elements also confirmed the predictions made from the periodic 
system, although complications arose. The whole column of 
noble gases came much later. Furthermore, we need to reverse 
the order at two points (K, A; Te, I), that is, to change the order 
given by the atomic weight, in order to bring about correspond- 
ence. How these difficulties, which in earlier times as Ramsay 
said 'made it a painful pleasure to study the Periodic System' are 
solved to-day, we shall see later on. But they could naturally 
not prevent the system, taken as a whole, from already appearing 
as a discovery of the first rank. 

The conclusion which had necessarily to be drawn was that 
some inner connection, completely unsown to us, must exist 
between these 70 or 80 substances, and that therefore they might 
possibly be regarded as combinations in various patterns of one 
and the same fundamental substance, and hence that the old 
philosophic idea of the world-substance might be true. In actual 
fact, chemists interested in philosophy drew this conclusion in 
many cases, but their more empirically minded contemporaries 
mostly showed little sjTnpathy, since nothing concrete could be 
found in this general idea. It needed the newer discoveries, 
which brought for the first time a true transmutation of elements 
into the region of practical experience. 

We can only deal with these discoveries in detail at a much 
later point. It must suffice here to point out that radium, for 
example, changes in the course of long periods of time, slowly but 
continuously, through a number of intermediate stages into lead. 
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and that helium is also formed in the course of this process, both 
being undoubtedly elementshaving a definite place in the Periodic 
System, just as radium itself, which finds its correct position as 
alkaline earth metal in the column with calcium, strontium and 
barium. Here therefore we have without any doubt a true 
transformation of an element, and after the discovery of radio- 
activity, many such cases became known. Accordingly, no 
further doubt remains that our chemical elements, hitherto 
regarded as imchangeable, are not simply fundamental and 
invariable substances, but that at least between certain groups 
of them, and probably between them all, a genetic connection 
must exist, which, it is true, is not yet entirely cleared up to-day. 

When this knowledge spread fairly rapidly at the beginning 
of the century, numerous voices were heard, which are not entirely 
silent even to-day, proclaiming with great emphasis the 'complete 
breakdown of chemical science,' or its 'bankruptcy,' or other 
pleasant things of the kind; and the public which loves sensation 
and is flattered when it finds that know-all science can also make 
bad mistakes, seized greedily on such statements, often indeed 
coming from authoritative scientific quarters, which ought to have 
known better. What had really happened ? Common salt 
continues to consist of sodium and chlorine, w'ater of oxygen and 
hydrogen, and all substances we know of on earth are composed 
of one or more of the 92 'elements.' In this respect the 
w^hole result of chemical investigation has not changed in the 
least. 

The new fact is, that the result of these investigations shows 
our previous chemistry to be an intermediate stage to a step 
further on. In other words, a new floor has been added to the 
structure of our knowledge, or its foundation has been carried 
down a floor further. If we call the 92 substances in question 
' elements of the first order,' and the fundamental substances 
of which they are again made up 'elements of the second order,' 
everything is correctly stated, and there can be no question of 
'bankruptcy' or even 'revolution' in chemistry. For no sensible 
chemist has ever had any doubt, that a smaller number of simpler 
elements might be found to make up the so-called chemical 
elements. But chemistry as an empirical science stood, as was 
its simple duty so long as no experimental foundation for further 
hypothesis existed, by its 92 elements, saying that these could 
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not be further decomposed by hitherto available means. It 
would have been a piece of quite unjustifiable dogmatism for the 
chemist to have gone further and maintained that the substances 
could not, under any circumstances, be decomposed, or trans- 
formed into one another. Such negative dogmatism would have 
taken him beyond the region of experience, which could simply 
bear witness that they had never hitherto been decomposed. It 
is possible that such negative dogmatism has appeared in scientific 
works, as for example in the one time well known materialistic 
work Force and Matter by L. Buchner. Such errors are human, 
and the opposite type, of which we spoke above, has also occa- 
sionally occurred in scientific work. But such single voices are 
not science. 

Science had not merely not questioned, but often enough 
actually considered, before the discovery of radio-activity and 
since the discovery of the Periodic System, that an inner connec- 
tion, still unknown to us, might exist between the so-called 
elements. But there was no reason in this fact for using any 
other term than the word 'element,' since for the moment, it 
covered the known facts completely; and although we have pro- 
gressed a whole stage further, there is nothing that obliges us to 
abandon this term to-day. It is simply a matter of a word, of 
the most practical method of description ; and obviously the 
most practical thing to do is to keep unchanged the term by 
which chemical elements have hitherto been designated. The 
fundamental substances of the second order may then be other- 
wise described, in any way which best suits their nature. We 
shall see that they have already received a suitable appellation. 

The incorrigible scholastic may, however, object that this is 
sophistry. Chemistry in the past has actually designated 
the 92 substances as elements, because this word was connected 
with the concept of a fundamental, un transformable material. 
Either these 92 substances are such elements or they are not. 
It was earlier supposed that they were, but now we know that 
this is uot the case. We can only reply that the scholastic is 
forgetting that science does not deal like philology with the mean- 
ing of words, but with things which it designates by suitable 
words. WTiat the word 'element' once meant for the philosophers 
of antiquity and of the Middle Ages (the etymology is not clear) is 
of no moment for the scientist, and has only an historical interest 
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for him as soon as he has made use of this word for a well defined 
class of things present to his experience. 

This is actually the case with the 92 substances in question. 
Into them all other substances can be transformed in accordance 
with Boyle’s programme. And they show themselves, not by 
the Periodic System alone, but in numerous other ways, to be the 
next stage of decomposition lying behind the three-quarters of a 
million known substances, which in any case would have to have 
a special name, even if it had only just l)een discovered. It is 
entirely a matter by itself that these substances can again prob- 
ably be decomposed and transformed into one another by using 
means totally different from existing chemical means; this fact 
has never boon seriously questioned by chemistr)-. The scholastic 
thus ascribes to the word ‘element’ an absolute sense, which it 
could never have in the chemist’s language, since he is only 
expressing an empirical judgment. By making use of this 
ascription of meaning quite foreign to chemistry, he is attempting 
to prove self-contradiction or revolution. 

It was unavoidable that we should make clear by means of this 
example at the very beginning how fwlish the great majority of 
such criticism of science is which finds so much public interest 
to-day. Any one who supposes that scholastic word-juggling 
of this description can inflict a wound, shows that he has not the 
slightest conception of the spirit of science. If a revolution is 
to take place, it needs to be proved that science has actually 
been guilty of essential errors. This is possible, and has actually 
happened often enough, especially in new sciences. In such 
cases it is right to speak of revolution and the like. In the present 
case no revolution has taken place; for what the new discovery 
might have refuted: the assertion, namely, that the 92 substances 
are absolutely unchangeable elements, has actually never been 
made by science; w'hile what has been asserted, namely that all 
other substances may be decomposed into the 92, has not only 
not been refuted, but on the contrary, has been confirmed beyond 
all doubt. 

False critics have committed still greater follies in respect of 
the two further concepts of chemistry now to be discussed. 
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We must again refrain from going too far into the history of 
atomic science.* But it is generally known that it arose in ancient 
times, and that the doctrine of its most famous representative 
in antiquity, Democritus, was regarded as the antithesis of the 
doctrine of Aristotle.® Democritus is regarded as the father of 
what was later called materialism, and this is true in so far as he 
appears to have taught (his teaching is only known to us through 
the writings of his opponents) that the formation of the various 
bodies and forms in the world is to be explained as arising from 
the action of blind forces, such as weight, upon the atom. This 
doctrine is evidently irreconcilable with that of Aristotle, which 
assumed in its formative principle the ‘entelechy,’ a force acting 
constructively according to a plan. But it is doubtful in what 
sense Democritus himself meant his doctrine to be construed. 
It is certain that his later disciple, the Roman Lucretius, taught 
a fairly undisguised form of materialism.® 

As long as the doctrine of atoms was customarily regarded 
only from this general philosophical standpoint, which was often 
enough the case until modern times, and even well into the last 
century, it was simply impossible to come to any agreement con- 
cerning its value or otherwise. But matters are in an entirely 
different position as soon as such a concept gains a real footing 
in empirical science, and is thus used to describe matters of 
experience, or at least expressly introduced as an explanation of 
such matters. This has been the case with the doctrine of atoms 
since the beginning of the last century, when the English chemist 
Dalton and the Italian physicist Avogadro {1808-1811) succeeded 
in expL)ining by means of the atomic theory the two most im- 
portant fundamental laws of chemistry, the law of multiple 
proportions, and the law of simple gas volumes.® 

From that time the atomic theory never again disappeared 
from science, although physics was for very long doubtful about 
it. But in this science also, it finally gained a footing wlien in 
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the years 1856 to 1857 German physicists, Kr 5 nig and 

Clausius, succeeded in referring the fundamental laws of heat to 
the hypothesis that heat consists in the movement of molecules 
or atoms (see below). Curiously enough, it was precisely in the 
field of physics that a strong reaction against it once more 
occurred. Towards the end of the 19th century, the whole 
body of physicists, and also many chemists, were of the opinion 
that the atomic theory was certainly only an accessory notion, 
which had no real value in itself as knowledge. It was ‘a scaffold' 
which can be taken down when the building is finished (Bucherer), 
a picture or model (Hertz), which we are able to make of phe- 
nomena, since they behave in many respects as if matter consisted 
of atoms. Indeed, there are a few voices of this kind still to be 
heard to-day, although in the meantime the true existence of 
atoms has been put beyond any doubt, and there can no longer 
be any question of a mere 'as if.' We shall return later to the 
deeper epistemological background behind this rejection of 
atomic theory. For the present it is our task to state the present 
condition of the atomic theory, in which w^e shall be obliged to 
be somewhat dogmatic, since a full statement of the basis would 
take us at many points too far into special science. 

The essential point of modem atomic theory may be summarised 
by Ostwald’s statement that 'matter has a grained structure,' 
which means to say that it does not, as would appear to direct 
observation, fill the space it takes up fully and uniformly (homo- 
geneously), but instead, possesses a structure of dimensions lying 
below the limits of even microscopical visibility, this structure 
being something like a network of fine meshes, or a piece of sand- 
stone, or a cloud of mist particles. If we imagine a water surface 
covered with very many small waves, this also is inhomogeneous, 
without therefore being discontinuous, that is to say interrupted. 

We must guard against supposing this statement to be simply 
equivalent to the other, that matter consists of single particles 
separated from one another by empty spaces. In the same way 
a photograph of the heavens, taken out of focus, would show, 
not single points of light separated from one another, but a 
diffused sheen, which would be more concentrated at certain 
points, without its being jx)ssible to distinguish sharp boundaries 
with ease. Such might also be the case with matter, although 
it is true that the simpler and more obvious picture of separated 
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particles is usually taken as a basis. But we must at this point 
be clear about the fact that this special form of the picture may 
be abandoned without the essential point, the inhomogeneous, 
grained occupation of space suffering in any way. 

In order to find our way about this world of the smallest dimen- 
sions, it is general in present day physics to make use of the unit 
of length I micron, = 0.001 millimetre, and i milli-micron, 
H/x = o.ooi fi = 0.000001 millimetre; a unit ten times smaller 
is also frequently used, namely, the so-called Angstrom unit 
= 0.1 /x/x. The hmit of visibility for the ordinary microscope 
lies about at 0.2 /x = 200 /x/x. By means of the ultramicro- 
scope of Siedentopf and Zsigmondy, we are able to recognise the 
existence, but not the form or size, of particles of a size about 
4 to 5 /x/x, assuming that they are far enough apart, and are 
sufficiently different optically from the surrounding medium. 
Now the ‘grained’ structure of matter which we are considering, 
is only a little finer than these extreme obtainable hmits of direct 
visibility. The distance apart of molecules or atoms in ordinary 
bodies is about o.i /x/x or i angstrom unit. How this is measured 
will be seen later. 

Since the concept of a molecule has become a little variable in 
recent times, we shall do best to start from chemistry, the central 
idea of which is the atom. There are as many different kinds of 
atoms as there are chemical elements (see however pages 129 ff.), 
that is to say 92. Every defined substance, such as water, 
common salt, sugar, or the hke, contains the atoms of its elements 
in a quite definite numerical relationship to one another, which 
is given by the chemical formula (in the cases named, HjO, NaCl, 
CijHjjOii). The weights of the different kinds of atoms are 
different from one another. The so-called atomic weights of 
chemistry are relative numbers, which tell us how many times 
each kind of atom is heavier than the lightest of all, the hydrogen 
atom, H. 

These ‘relative atomic weights’ were being found with ever 
increasing accuracy by chemists, even from the beginning of last 
century, by means which cannot be given here in detail.® Every 
year, the International Commission on Atomic Weights produces 
a revised table, which to-day usually undergoes little change. 
The exactitude of the determination usuaUy extends as far as 
the fourth figure, but in many particularly important cases the 
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fifth figure has been reached. In this book we shall only reckon 
with round numbers, unless it is precisely the deviation from 
these which we are considering. Since the atomic weight of 
oxygen is not exactly i6, but 15.88, and since most atomic weights 
are not determined directly by reference to hydrogen, but to 
oxygen, it is general to-day to follow Ostwald's proposal, and put 
O = 16 instead of H = i. The table printed at the end of the 
book is based upon this system. H then becomes, instead of 
I, 1.008. This figure is of importance in connection with an 
investigation to be discussed later. 

So far, there is no difficulty in carrying out the idea. The 
matter becomes somewhat more complicated when we pro- 
ceed to discuss the concept of a molecule. The most obvious 
notion, which is also that introduced by Dalton with the atomic 
theory into chemistry, is clearly to regard the complex of 
atoms given by the chemical formula of a compound, such as 
HgO, NaCl, etc. as the smallest portion of the substance in ques- 
tion which can exist by itself, and this was the view held through- 
out the whole of the 19th century. These complexes of atoms 
were called molecules, and it was tacitly assumed that these are 
present as such in the substances in question, and that water 
therefore, to keep to it as an example, consists of single molecules 
HgO, which again consist of the three atoms. We have reason 
for assuming that this is actually the case with gases and in part 
also with liquids. In the case of gases there can be no doubt 
that such molecules or complexes according to the chemical 
formula exist, and that these molecules fly about freely in space 
like gnats in a sw^arm, whereby they continually collide with one 
another, but between collisions pursue a 'free path’ (see page 91). 
Avogadro drew from the chemical facts in 1811 the following 
conclusion, which also follows necessarily from the physical 
facts of heat, that: 

All gases contain an equal number of molecules hi equal volumes 
at the same temperature and pressure {Avogadro' s rule). 

If this whole doctrine is accepted, the facts further compel us 
to ascribe to many free elementary gases, such as hydrogen, 
oxygen, chlorine, molecules which are not simply equal to an 
atom of the elements in question, but contain two or even more 
atoms of hke kind. Gaseous hydrogen consists of molecules H,, 
which just as much represent a chemical combination as say the 
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molecule of gaseous hydrochloric acid, HCL The difference that 
in one case the two atoms combined into a molecule are of the 
same kind, and in the other of different kinds, is of no essential 
importance. This is not true however for all elementary gases. 
The noble gases (helium, argon etc.) are monatomic, as are also 
the vapours of metals, such as sodium or mercury. The various 
facts upon which these results are based cannot be stated here; 
the reader will find them in any text book of chemistry. If the 
atomic theory is once accepted, these conclusions follow of 
necessity. 

In the case of sohd and liquid bodies, matters are considerably 
more complicated. Let us first take the opposite extreme of the 
gas, namely the solid. Here the molecules or atoms are fixed as 
a whole. When they move, and they do so in all bodies accord- 
ing to the kinetic theory of heat (see below), they can only oscillate 
to and fro about a middle position. They are 
retained in this by the forces exerted upon 
them by neighbouring particles. In the case 
of liquids, these forces are, on account of the 
greater distance apart, already so much 
smaller that they are not sufficient to keep 
the molecules in one position, but a particle 
in the interior of a liquid never gets right 
outside the range of action of these forces. 

For this reason, the particles of a liquid are 
capable of displacement to any extent rela- 
tively to one another, that is, a sensible 
restoring force (elasticity) does not occur 
theless they still possess cohesion, although this is small as com- 
pared with solid bodies, and their particles do not separate freely 
from one another as do those of gases. We are, unfortunately, 
still without exact information concerning the details of the facts 
just given in broad outline, since we still know too little with 
certainty concerning the forces exerted upon one another by the 
individual parts. 

It is therefore rather difficult to make out to what extent the 
chemical molecules, such as HjO or the hke, have a real existence 
in solid bodies. In certain definite cases we know with fair 
certainty that this concept loses its meaning. Common salt 
NaCl, for example, is crystallised in cubic form when solid. In 
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accordance with the latest results of X-ray investigation, which 
will be discussed in detail later, it is now settled that the state of 
the crystal is that of a regular arrangement of its parts, a so- 
called space lattice, which in the case of common salt has the 
form shown in figure i (the sodium and chlorine atoms are shown 
by small circles and dots respectively). We see at once that there 
is no sense here in speaking of single molecules NaCl, and that 
this formula merely states that in the whole crystal, which con- 
tains many billions of atoms, there is always one chlorine atom 
present for every sodium atom. In other crystal lattices, how- 
ever, the single atomic groupings form relatively independent 
complexes among themselves, so that one might speak of single 
molecules in such cases. But when such a crystal evaporates or 
dissolves in a liquid, it is usually not single atoms, but again 
definite complexes that leave the space lattice, and move about 
freely in the solution or gas space. These are then again chemical 
molecules in the earlier sense. 

Matters are more complicated in the case of highly complex 
organic substances such as cellulose or starch. We shall return 
to these later in another connection. The reader should not 
allow himself to be daunted by these difficulties. They prove 
no more than that matters are considerably more complex than 
was thought 40 to 50 years ago. This has nothing whatever to 
do with the existence of atoms. The sole question here is in 
what way they may be supposed to build up the various forms 
of matter, solid, liquid and gas. The molecule is in many cases 
an inevitable accessory concept, and in others superfluous, and 
neither too much or too little value should be attached to it. 

The latter fact is seen most clearly by such examples as the molecule of 
acetic acid CgH^Og, or that of grape sugar, which as we see in both 

cases consist of a multiple of the simple formula C HgO, but nevertheless 
are not to be regarded as like this simple molecule. The latter also exists, 
it is the substance formaldehyde (formalin), well known as a disinfectant. 
But acetic acid has molecules twice as large, and grape sugar six times as 
large, facts which can be conclusively demonstrated from certain physico- 
chemical facts. We must therefore beware of concluding that the concept 
of a molecule has no further meaning to-day. All that is meant is, that 
the question as to what higher complex units are to be regarded as forming 
the fine structure of a liquid or solid substance, needs in each case special 
investigation, and such investigations are continually being made. 

An equally difficult chapter of modern investigation consists of a 
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number of other facts, which were regarded 50 years ago as much simpler 
than they actually are; the valency of the elements. As soon as the 
formulae of the more important groups of atoms had been obtained fairly 
completely, a peculiar regularity regarding the number of atoms combining 
together appeared, which may be shortly stated as follows. If we start 
from the simplest and lightest element, hydrogen, there are first found a 
number of elements which combine with hydrogen atom for atom, as we 
see from the formulae HCl, HBr, HI and HF, and further, a number of 
metals which replace the hydrogen, atom for atom, in these compounds 
(the so-called halogen acids), thus for example NaCl, NaBr, Nal, NaF. 
All these atoms, which thus combine with or replace an atom of hydrogen, 
are called, as is hydrogen itself, monovalent. 

There are also other atoms, such as O, S, Ca, Ba, Cu, Zn, etc., which 
combine with or replace two atoms of hydrogen or other monovalent 
element. These are called divalent or bivalent. 

Examples of these are HgO, HgS. CaClg, ZnClg, and further CaO, ClgO. 
In exactly the same way, we explain the concepts of trivalent, tetravalent, 
etc., elements. 

Nitrogen in particular is trivalent, carbon tetravalent, as is seen by the 
example NH3, NCI3, CH^, CCl^, CHCI3 (chloroform), COg, etc. 

An idea of this regularity - it is not a law, since there are too many 
exceptions to the rule - is best gained by imagining on each atom a certain 
number of points to which other atoms may be attached, which may be 
represented by hooks, or more simply by lines, thus: 




— .0 — 


or O = 



orN = 


The rule then says that the atoms usually combine in such numbers that 
no free lines (valencies) exist. We thus get for example the following 
diagrams: 
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Now there is actually more in these diagrams than they were originally 
intended to express. For if the whole idea rests somehow or other upon a 
real prope rty of the atoms, these formulae give us at least a suggestion of 
the structure of the molecule, the linkage of the atoms within it; such 
formulae are called structural or constitutional formulae. In actual fact, 
this simple fundamental idea has enabled organic chemists to solve, in the 
course of about 50 years, the hitherto insoluble riddle of organic substances 
almost completely. On the basis of structural formulae thus discovered, 
for example, that ot indigo: 
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we manufacture to-day all the innumerable products of the organic 
chemical industry^ in particular tar products (colours, medicines, etc.). 

Of recent times, so many objections have arisen to this simple original 
form of the doctrine of valency that it has been necessary to change it 
essentially in order to do justice to newdy discovered facts. In place of 
valencies, we have to-day the so-called co-ordination numbers of Werner, 
but the whole matter has thus become so complicated, that we cannot 
deal with it in a book intended for the lay public. Fortunately, organic 
chemistr}", that is the chemistiy^ of carbon compounds, is very little 
affected by it. Only because we shall have to refer to the latter later on, 
have we gone into it at all. 

To summanse what we have said so far, we may state the position as 
follows. While the existence of atoms themselves is proved, the question 
as to how matter in various states is built up from them, cannot yet in all 
cases be answered with certainty. But in certain cases this construction 
is fairly well kno^\^l, and this is true in particular of the simpler crystal 
lattices and of the structural formulae of organic chemistr\’, in which a very 
considerable portion of the truth must certainly be contained, as otherwise 
the technical practice based upon them would be quite incomprehensible. 
It is iiirther also certain, as w^e shall see more clearly below, that the 
molecules of all bodies are in continual motion, and that this motion is 
what our nerv'es expenence as heat. Qinsiderable uncertainty exists even 
to-day concerning the more detailed nature of the forces exerted by the 
atoms upon one another, by which the state of aggregation is conditioned. 
We shall see later what is known to-day concerning this question . 


Having thus given a short sketch of the present day atomic 
theory, we may inquire by what right this, after all very 
hypothetical idea, actually remains a part of science ? Upon 
what is beised the assertion, repeatedly made above, that the 
real existence of atoms is an undoubted fact ? Is not this after 
all something beyond the capacity of a purely empirical science 
to prove ? The answer to these questions is of the greatest 
general in'erest as regards the theory of knowledge. The atomic 
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theory has always been rightly considered the pattern of all 
physical and scientific hypotheses. What is true for it, will 
therefore be true in the widest degree, and for most other scientific 
h3T)otheses. 

The following are the reasons which have forced present day 
physics and chemistry to recognise the real existence of atoms and 
molecules as an undoubted fact. 

1. It is a fact that all matter, when reduced to sufficiently 
thin films, namely, as soon as these films approach the limit i /x^, 
assumes fairly suddenly other properties than those which it 
had in thicker layers. The thinnest films which have recently 
been produced by mechanical means were the metal foils of 
10 fifi thickness, produced by Muller some years ago."^ In the case 
of these foils, which still contained about 30 layers of atoms, the 
properties were, in all essential respects, the same as those of 
metal in ordinary thickness. Much thinner layers than these can 
however be produced by other methods, for example by the 
dissipation of wires traversed by electric currents (every one 
knows the very thin layer that is formed in this way inside our 
electric lamps). Such layers behave, as regards their electric 
conductivity, as if they w^ere full of holes from a certain limit of 
size downwards. The same is true of other properties, in the 
case of soap bubbles, in oil films on water, and other cases of the 
kind. Very numerous investigations of this kind during the 
last three decades, have agreed in proving that the sudden change 
of properties occurs close to the limit known for other reasons 
as the range of molecular action. Scarcely any other explana- 
tion than this can be given, that a layer consisting of only one 
or two molecules is obviously quite different in quality as regards 
its whole condition of internal connection, from one containing 
20 or 100 or more molecules in thickness.® 

2. In recent years a new department of physico-chemical 
investigation has been developed, namely, colloid chemistry, 
which one of its chief investigators. Wo. Ostwald, has not inaptly 
described in ^ recent work as *the world of neglected dimensions.' 
In order to explain this, w^e must digress for a little. At one 
time a strict distinction was made between the solubility or 
insolubility of a solid or liquid in another liquid. Common salt, 
for example, is soluble in water, sulphur insoluble, but the latter 
is soluble in carbon bisulphide, which itself L insoluble in water 
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(not miscible with water). Now in spite of this, it is obviously 
possible to take a liquid or solid body which is insoluble in a 
given liquid, and grind or otherwise divide it into particles so 
extremely fine, that they remain suspended in the liquid in which 
they are insoluble for quite a long time before they separate by 
sinking to the bottom of it or rising to the top of it, according to 
their density. So close a mixture is called a suspension or emul- 
sion. If a solid body is suspended in liquid in a finely divided 
form, such as carbon in Indian ink, we speak of a suspension, 
but if one liquid is suspended in another, such as the drops of fat 
in milk, we have an emulsion. 

These mixtures are distinguished from true solutions (such as 
those of common salt or sugar) in their external appearance, 
since they are turbid, and further by the fact that the suspended 
substance always collects after some time either at the top or at 
the bottom of the liquid as the case may be, or at least can easily 
be separated by centrifuging (milk) ; and finally by the fact that 
the ordinary microscope enables us to detect the single suspended 
particles. However the old maxim: Natura 7ton facit saltum 
once more holds good. About a hundred years ago mixtures of 
substances were already known which could not be made to fit 
into this scheme of solution or suspension, and recently innumer- 
able other such cases have been found. Certain reasons would 
lead us to assign them to the one class, while others would seem 
to place them in the other class. These mixtures, first investi- 
gated by Graham (i86i), were called by him colloids or colloidal 
solutions; gum (Latin: colla) being one of the chief examples. 

Very extensive investigation in recent years has proved that 
these colloids form a completely continuous transition from suspen- 
sions and emulsions to true solutions, it being simply impossible 
to define a boundary. Slight changes in the conditions of prepara- 
tion enable the size of the particles dispersed in the liquid to be 
changed within wide limits. There are colloids which by their 
turbid appearance exhibit their closeness to suspensions, but in 
many such cases a shght change in the conditions of preparation 
results in the same substance forming a colloidal solution which 
appears perfectly clear, and even seems to be homogeneous under 
the ordinary microscope, but allows the suspended particles to 
be detected in the ultramicroscope, in which the illumination is 
across the field. In other cases, such colloids capable of being 
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detected by the ultramicroscope are continuously connected 
with others for which our finest optical instruments fail us, but 
nevertheless allow of a separation by an ingenious method of 
filtration invented by Bechold, and called ‘Ultra-filtration.’ 

When this method of separation also fails, the particles having 
been made still a little smaller by a slight change (still entirely 
continuously), centrifuging may still allow of separation, but we 
have then already reached mixtures which have always been 
considered to be true solutions. For example, Bechold was 
able to separate dextrine solution to a great extent by ultra- 
filtration, while Lobry de Bruyn was able to produce differences 
of concentration in sugar solutions by centrifuging (sugar, being 
heavier, moved outwards), and lately similar effects have even 
been produced in salt solutions. Svedberg has done most to 
demonstrate the completeness of continuity. 

But if this is the case, it follows that what applies to colloids, 
must also apply to true solutions. No one can have any doubt 
in the case of the former, when a small change of temperature or 
concentration has made the particles so small that they can no 
longer be seen in the microscope, that they stUl exist (ultra-filtra- 
tion being a proof of this fact, if a proof be necessary) and hence 
it is impossible to doubt that they still exist when a further small 
change results in a product which has aU the properties of a 'true 
solution.’ But this brings us to molecular magnitudes, for the 
quantitative examination of all these phenomena shows us, that 
the transition occurs when the particles reach the degree of 
smallness (at which they are no longer visible) which had been 
ascribed to molecules for other reasons altogether. I should 
state expressly, that reading the original work of Svedberg is 
much more convincing than a mere summary of this kind can 
ever be. 

We may add that the quantitative explanation of such suspen- 
sions and colloids has resulted in finding ways and means of 
determining the absolute number of molecules or atoms in a given 
quantity of matter. According to Avogadro’s law (see above, 
page 14), the number of molecules of all gases contained in a 
certain volume, for example a cubic centimetre, is equal under 
like conditions. Avogadro himself probably regarded as hardly 
possible that this number could ever be actually discovered, 
supposing it simply to be enormously great. The Austrian 
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physicist. Loschmidt, was the first to calculate this number in 
the year 1865, on the basis of the result of the kinetic theory of 
heat, which we shall discuss later on. The Loschmidt number N, 
is the number of molecules in u cubic centimetre of gus at o°C, and 
atmospheric pressure (760 mm. of mercury). Loschmidt’s results 
were not very exact, but the true value of his number is, accord- 
ing to the latest investigations, 27.2 trillions with an uncertainty 
of about i%. One of the most famous, and at the same time 
simplest investigations which aimed at the determination of this 
number, was Perrin’s counting of suspensions,® which belongs 
to the above discussion concerning suspension. We shall discuss 
other methods later. 

3. The proofs which we owe to recent investigations of radio- 
activity and allied phenomena are still more convincing, since 
they admit of direct observation. We cannot yet deal with 
them in detail, since an understanding of them requires the 
development of further concepts, and we must be content with 
the remark that the investigations in question, although they do 
not allow single atoms or molecules themselves to be directly 
observ^ed, allow the effects of them to be seen and even photo- 
graphed (see page 131), so that the path of a single such particle 
can be directly followed in the surrounding gas space, and the 
number of electrically charged particles thrown off by a small 
quantity of radium in a given time can be directly counted. This 
method again gives us means of determining the absolute size 
and number of molecules, and the results agree excellently with 
the Loschmidt number as given above. 

4. Just as in the case of the radio-active processes we can 
count individual charged atoms passing through space, so also 
can we investigate particles of other substances suspended in 
gases and electrically charged. This method again leads to a 
determination of the atomic constants with the same result as 
before (Ehrenhaft, Millikan; see page 131). 

5. In crystallised substances, the molecules or atoms take up 
positions which, according to all that we know, are arranged 
according to certain laws, and form a point lattice in space, 
as we have already described. Now a regular arrangement of 
this kind of suitable fineness acts upon light waves, as we have 
known for a very long time, in such a way as to produce what 
are called diffraction effects. Everyone knows the haloes, which 
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are visible around the sun or moon when the air is filled with fine 
ice crystals, and likewise the coloured rings around a bright light 
when seen through a dusty or moist pane of glass. 

These phenomena, which have been known for more than one 
hundred years in optics, and have been exactly investigated and 
completely explained by the wave theory, should also occur when 
light waves pass through a regular point lattice such as a crystal. 
They however require that the size of the light wave (the wave 
length) should be approximately comparable with the distance 
apart of the points of the lattice. Now this is not the case with 
ordinary light waves, the length of which is about 400 to 800 ///x 
(see page 116), while the distance between the molecules, as we 
have seen, is about o.i /x/x. The light waves are therefore 
much too large. They bear much the same relation to the mole- 
cules as do the waves of the sea to a coarse sieve. In such a case, 
theory tells us that no diffraction phenomena are possible. How- 
ever, wc know of a kind of light which has much shorter waves, 
namely the X-rays. In their case the wave length is less than 
I /x/x. V. Laue, and his co-workers Friedrich and Knipping, 
actually succeeded in getting wonderfully sharp diffraction images 
from X-rays by passing them through crystals; and thus gave us 
a new and beautiful confirmation, not only of their lattice 
structure, but also of the molecular theory itself. For further 
details see page 167. 

In this connection we may mention that the mere existence 
of crystallography, with its fundamental fact of 32 possible 
groups of crystal forms, is likewise a good confirmation of the 
molecular theory, since these 32 groups, as Bravais, Sohncke, 
Schonflies, and others have shown, may also be deduced theoreti- 
cally as all the possible forms of a regular point lattice. 

6. Besides these direct proofs of the actual existence of mole- 
cules or atoms, there are others almost equally convincing, which 
have recently been added to the already existing indirect con- 
firmation of the theory. Particular attention should be directed 
to certain recent results of the kinetic theory of heat, in particular 
the kinetic theory of gases. We have already referred to Lo- 
schmidt’s first calculation of N. This depended upon formulae 
deduced by Maxwell, van der Waals, O. E. Meyer, and others 
for the kinetic theory of gases, in which experimentally measure- 
able quantities, such as the co-efficient of internal friction of a 
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gas, the rate of diffusion, the conductivity for heat, and other 
quantities are connected with certain molecular magnitudes, 
above all with the ‘mean free path’ of a gas molecule, that is, the 
average distance travelled in freedom by a gas molecule before 
it again collides with another gas molecule. 

Loschmidt was the first to show how one can find N by a quite 
simple calculation from a free path thus determined.^® But his 
results for N were entirely different according to the gas chosen, 
the constants of which w’ere used in the calculation (for example, 
for hydrogen ii, for cyanogen 89 trillions). Since this is a crass 
contradiction of Avogadro’s law, which itself is placed beyond 
a doubt for other reasons, it was necessary at that time to regard 
the whole calculation with great mistrust. At the very most, 
the order of magnitude of N might be regarded as fairly probable. 
It is also easy to recognise that the calculation, as carried out by 
Loschmidt according to methods originated by his predecessors, 
could not possibly lead to satisfactory results. For the calcula- 
tions all depended upon simplified assumptions concerning the 
collisions between molecules, the manner in which a molecule 
fills the space occupied by it, etc.; and these assumptions were 
bound to be far from reality in the case of molecules of anything 
hke comphcated construction. 

These assumptions had to be made for want of anything better, 
and in order to make the apphcation of mathematics at all pos- 
sible, but it was not surprising that the results were only approxi- 
mate. Now it is an obvious question to ask which gases are most 
likely to give a correct result. It is self-evident that these must 
be the monatomic gases, which were only discovered in more 
recent times, after Ramsay, Rayleigh and others had introduced 
the noble gases, hehum, argon, neon, etc., to us. And in the 
case of these we have a really excellent confirmation of the theory. 
Not only did it appear that numerous relations required by theory 
hold strictly for these gases, and particularly for helium and 
argon, relations that are only approximate in the case of other 
gases, but Loschmidt ’s method gave numerical values for N 
almost identical with those already known; Sirk obtained for 
argon 27.9, Ghose for helium 28.0 trillions. 

7. The whole theory thus finds its chief support, less in any 
single direct proof, however striking this may be, than in the 
surprising agreement between all the quantitative results obtainecl 
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in the most various ways. It is obviously quite impossible that 
all these values should be the same as a result of pure chance. 


We give here a short summary, which, however, is by no means 
complete : 


Author 

Method 

N in trillions (10^®) 

0. E. Meyer, Chap- 
man and others after 
van der Waals 

Kinetic gas theory 

(1-106) 

Sirk 

Kinetic gas theory 



(argon) 

27.9 

Ghose 

Kinetic gas theory 



(helium) 

28 

Perrin 

Suspensions 



Brownian motion 

(29-31) 

Svedberg 

Brownian motion 

27.7 

Ehrenhaft 

fine metallic particles 

27.6 

Millikan 

similar 

26.4 

Rutherford-Geiger 

Radio-activity 

27.8 

Regener 

Radio-activity 

27.0 

Rutherford-Boltwood 

Radio-activity 

27.0 

Mean of values not in brackets 

... 27.4 


The best recent determinations depend upon the measurements of the 
elementary electric charge (see page 131) by Millikan and Ehrenhaft. 
The most reliable value for this at present is 4.772 x electrostatic 

units. This gives for the Loschmidt number 27.25 trillions, and for the 
mass of an atom of hydrogen 1.62 quadrillion ths of a gram. This is 
the number by which we must multiply the 'atomic weights' to obtain the 
real weight of a single atom of each element. 

Having thus become acquainted with the convincing reasons 
which lead physics and chemistry of to-day to admit the real 
existence of atoms and molecules, we will consider the 
philosophical consequences of the fact. 



Ill 


THE MEANING AND VALUE OF 
PHYSICAL HYPOTHESES 

In spite of all that has been said in the last few paragraphs, 
many readers may still be left with the uncomfortable feeling 
that we are after all dealing with things that no one has ever 
really seen, and that, indeed, the theory in question for ever 
removes them from the possibility of being seen and touched. 
For light waves, as already indicated on page 23, are naturally 
much too coarse for the size of the molecules, and the fact that 
single molecules cannot make any direct impression on the skin 
will also be readily believed. Also, what is seen on photographs 
in experiments by Regener, Rutherford, Wilson and others, 
referred to above and later to be fully described, is not actually 
the single atom itself, but rather an effect produced by a single 
rapidly moving atom: a flash of light, a galvanometer deflection, 
or a chain of drops of mist. Is it still permissible, in spite of this, 
to maintain that not only these visible effects, but also their 
assumed causes, the single atoms and their motion, really exist ? 
Are w^e not thereby going beyond the limits of what has actually 
been determined by experiment ? 

The answ^er to these questions brings us right into the middle 
of epistemological considerations. We will first state the ques- 
tion quite precisely as follows: are we to regard molecules and 
atoms as real things in the same sense, and with the same cer- 
tainty, as bricks or plant cells? In other words, is the judgment 
that matter consists of atoms, true in exactly the same sense as 
the judgment: this house consists of bricks, this leaf consists of 
cells ? Our first direct impression leads us to say no, for we can 
see the bricks and the cells directly but not the atoms. Is this 
answer a correct one ? 

Physics teaches us that the visibility of a body depends upon 
the way in which it behaves towards the rays of visible light 
which fall upon it, the wave length of these rays lying between 
380 and 760 /x/x. In surroundings of a like refractive index, a 
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body is invisible, since in this case it has no influence on the light 
waves. Is it therefore not there at all ? No, for it can be made 
visible in other ways, or its presence can otherwise be proved. 
But when a body is very small, it no longer influences the Ught 
waves in such a way that we are able to perceive its form and 
size. But we are nevertheless able to cause it to produce an 
effect upon our eye, namely by using the ultramicroscope already 
referred to, in which it diffracts the light which strikes it from 
the side. This produces on the eye the impression of a point of 
light, which however has neither form nor size. Now no one 
will doubt that such particles, beautifully visible in colloidal 
solutions of gold, for example, are present, even although we are 
not able to recognise their form and size, in spite of the fact that 
in most cases this is a matter of great importance for us. 

Let us now go a step further. By adding suitable reagents 
to this gold solution we are able to throw down a brown precipi- 
tate, which then causes the points of light to disappear, and this 
brown mud can then be transformed by further manipulation 
into the well-known yellow and shining metal. How did we 
know that those points of light were particles of gold ? Only 
from a whole chain of observations, which are so closely connected 
with innumerable earlier experiences and resulting judgments, 
that a whole book would be required for the complete analysis 
of one single case. 

The same is true in all other cases. All our judgments con- 
cerning so-called facts, even those which appear as simple as the 
cases of the house and the leaf referred to above, turn out upon 
closer inspection to be an almost inextricable complex of single 
observations and chains of judgments which connect these obser- 
vations with other observations. Not a single so-called fact of 
experimental science is an exception to this position of affairs. 
Let anyone, for example, try to bring to mind the innumerable 
single observations and judgments which lead to the result, that 
the earth is approximately a sphere with a radius of 6370 kilo- 
metres. This is surely a fact, or do the whole of geography and 
geology rest upon an agreement to act as if the earth were such a 
sphere ? 

If we were to take up such an attitude - necessary, it is true, 
in a certain sense in considering the theory of knowledge - we 
should be clearly obliged to recognise that there are no such 
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things as facts in the ordinary sense of the word. For then, 
only the single sense impressions would 'really exist,' and strictly 
speaking only my own sense impressions and these only at the 
present moment, for we pass beyond direct experience when we 
assume that memory is trustworthy, and further, that we recog- 
nise the existence of minds other than our own.^* Hence if 
empiricism is truly logical, it does away with all possibility of 
science itself. 

But as soon cis we decide, in order to explain the existence of 
science, to admit the necessary extension, it is impossible to 
avoid seeing that all statements concerning reality made by 
science are fundamentally similar in nature. They are aU com- 
plicated structures of data of the senses, definitions of concepts, 
and logical conclusions, and this is just as true of so-called judg- 
ments of fact, as of judgments based for the present on supposi- 
tion (hypothetical judgments). The difference between the 
latter and the former does not consist in their being quite different 
in nature, but simply in the fact that we believe and have the 
right to believe the one to be as good as certain, whereas in the 
case of the other we are still uncertain whether we may not be 
wholly or partly mistaken. 

From this point of view, the judgment that matter consists 
of atoms, is in itself in no way different from the judgment that 
plants consist of cells. Only the degree of complication of the 
relations which lead to the first judgment is considerably greater, 
and this judgment is therefore not so simple to reach as is the other. 

Furthermore, a deeper insight shows us that no group of sense 
impressions has any fundamental priority as compared with any 
other. It is simply custom which leads us, since man is a seeing 
animal, to regard 'direct visibility' as the simplest means of dis- 
tinguishing reahty from pure supposition. If we were able to 
see by means of X-rays instead of by ordinary light with its much 
longer wave length, we should without any doubt be able to see 
the fine structure of matter just as directly as we are able to see 
the cell structure of plants in the microscope. In the latter case 
also, an apparatus is placed in front of the eye, and we do not see 
the cells directly in the literal sense. However, no one seriously 
doubts that the picture seen in the microscope is in general similar 
to reahty, and even geometrically similar, if we leave distortion 
out of account, which itself can be exactly calculated. 



MEANING AND VALUE OF PHYSICAL HYPOTHESES 29 

In principle, Rutherford is doing no more than this when he 
interposes between the flying atom and the eye a somewhat 
more complicated apparatus, consisting of an ionisation chamber 
together with a galvanometer; only in this case the way is some- 
what longer. All investigation of nature depends upon an enlarge- 
ment of our senses of this description.^^ Only the most naive and 
common-sense theory of knowledge could blind us to this state 
of affairs, and persuade us that it is an entirely different matter 
when we are able to see directly. 

That is real which has a real effect. The effects of single 
atoms can be proved to exist in numerous different ways. Hence 
these single atoms also really exist. What they are, is another 
question, which is naturally not answered by the mere fact of 
their existence, just as little as an observation in the ultramicro- 
scope, which shows us only single points of light, can tell us with- 
out the assistance of other and further facts, what kind of thing 
causes this diffraction of light. We shall see later that the atoms 
are certainly something entirely different from what they have 
been supposed to be by certain crude materialists: 'rigid lumps 
of reality,' which have existed from the beginning of time and 
will continue to exist for ever. But whatever we may learn about 
them subsequently will make no difference to the fact that these 
small units of matter exist as such, and hence represent a com- 
pletely definite physical concept, which corresponds to a thing 
which can be found in reality. Atoms are just as real things as 
cannon balls or grains of sand, as waves on water or mountains. 
Whether the former or the latter analogy affords a better picture 
of them and their properties, will appear later on.^^ 

If we hold fast to these facts, we are then prepared to turn our 
attention to the more general epistemological questions which 
lie behind this special question, and it is now necessary to devote 
a few words to the history of the theory of physical knowledge 
during the last half century. 

During by far the greater part of last century, the relations 
between science and philosophy were fairly strained, or even 
non-existent. The responsibilty for this lay with the unfortunate 
‘nature philosophy,' of the ScheUing-Hegel period, which was 
arrogant enough to thrust aside laborious empiricism and attempt 
to distil the essence of all things from pure speculation, accord- 
ing to the scheme thesis-antithesis-synthesis. As an example of 
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the nonsense which resulted we may take Hegel's remarkable 
definition of heat: ‘Heat is the self-restoration of matter in its 
formlessness, its liquidity the triumph of its abstract homogeneity 
over specific definiteness, its abstract, purely self-existing con- 
tinuity as negation of negation, is here set as activity.' 

It is easy to understand, as Verweyen quite rightly says, that 
the scientist turned away from such ‘science' with a shudder, 
and that the result was the production in a majority of scientists 
of the belief, not yet extinguished, that philosophy is nothing 
but completely useless chatter, in the best case devoid of content, 
in the worst simply nonsensical, concerning matters about which 
it knows nothing, and concerning which nothing whatever can 
be said in any other way, excepting by the slow advance, step by 
step, of experimental science. 

When the breakdo\vTi of Hegel's philosophy occurred about 
the middle of the century, and the academic philosophers deter- 
mined upon a ‘ return to Kant,' and hence to exclusive pre-occupa- 
tion ^^ith epistemology, the breach between philosophy and 
science, at least in Germany, was only the more complete, for 
the latter was fully occupied with the ever increasing mass of 
experimental results, while philosophy for its part, moved at a 
height of abstraction which had no interest for most scientists. 
At only one point was there direct contact between philosophy 
and science, namely in the matter of the biological doctrine of 
development or descent, which immediately triumphed in science 
after the appearance of Darwin's book in 1859, then, as we 
know, influenced not a few scientists very strongly in the sense of 
a materialistic philosophy. It is characteristic of the academic 
philosophy of that time that it could find no other means of 
opposing this tendency than epistemological considerations,^® 
for it had abandoned metaphysics, to which the question really 
belonged, and hence its effect remained limited to a narrow circle 
of persons with a philosophical training. All in all, this question 
merely served at that time (about i860 to 1890) to enlarge the 
breach between science and philosophy. 

The reaction was first brought about by the fact that within 
the confines of science itself, originally in physics and chemistry, 
insistent philosophical questions arose; again initially of an 
epistemological character, and such that they could not be simply 
dismissed as superfluous by science. Indeed there was no desire 
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to do so, since - and this is one of the strangest paradoxes in the 
history of philosophy - it was hoped that in this way philosophy 
might finally be got rid of altogether. The science of those days 
was empirical to the last degree. It recognised only experience, 
and again experience, as the true source of knowledge; every kind 
of speculative activity appeared fundamentally objectionable, and 
could at the most be regarded as an aid to reaching further experi- 
mental results. 

Starting from this fundamental idea, several scientists arrived 
almost simultaneously in the last decades of the century at the 
idea of examining physics and chemistry to see whether, after 
all, these sciences did not still contain speculative 'metaphysical' 
elements, which would then require to be removed as quickly as 
possible, for 'metaphysical' was considered to be synonymous 
with superfluous and even injurious. ‘The tendency of this essay 
is anti-metaphysical' - so begins the preface to a work which 
became of leading importance in this direction: Ernst Mach's 
The Development of Mechanics. Ostwald states his task in quite 
similar words at the beginning of his work on Nature Philosophy. 
The fact that he had the courage to make use of this ill-famed 
term was already remarkable, and did not do his work any good. 
Fundamentally he was pursuing the same aim as Mach, to whom 
the book is dedicated, though he afterwards put forward, with his 
theory of energy, something altogether different from what he in- 
tended, namely a system of metaphysics. This school of thought 
is represented in England byW. J. M. Rankine and Karl Pearson. 

A similar antimetaphysical tendency, less explicit than in the 
case of these two but not less clear and plain, is fotmd in innumer- 
able writings^’ of the leaders of science of those days, and even 
of to-day. Particularly in introductions to text-books of physics 
and chemistry, in speeches at the openings of congresses and 
festivals, intended for a larger pubhc, we find innumerable such 
sentences, as for example, the following, chosen at random from 
Kirchoff: 'The task of science is to describe phenomena which 
take place in nature as completely as possible and as simply as 
possible.' In all these cases, the antimetaphysical tendency in 
question is chiefly directed against those elements found every- 
where in science and called hypotheses, of which the best example 
is the atomic hypothesis (others being the wave theory of light, 
the kinetic theory of heat, etc.). Mach and Ostwald regarded it 
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as an ideal, only however to be reached in the distant future, to 
construct a physics and chemistry free from hypotheses, and gave 
expression to this in no uncertain manner many times. Since the 
atomic hypothesis was unquestionably the prototype of all physico- 
chemical hypotheses, it was the chief objective in the fight. 

Mach has explained at length in many passages in his works - 
particularly in his theory of heat^® - why he hopes that atoms, 
which are inaccessible to direct experience, will soon disappear 
from physics, and Ostwald occupied himself and many of his 
scholars for many years with the plan of proving that chemistry 
can do without atoms, hoping to explain the law of multiple 
proportions, which was the cause of their introduction into 
chemistry by Dalton, in another way. In these circumstances, 
the opposition of the great majority of physicists and chemists 
to atomic conceptions was so strong, that men like Boltzmann, 
whose life work was concerned with developing the atomic theory 
and particularly the kinetic theory of heat, were actually ignored, 
or even despised, by their colleagues. This w^ant of appreciation 
even contributed to the unhappy ending of Boltzmann's life. 

'WTiat, then, did these physicists and chemists consider to be 
the nature of the h3q)otheses in question ? The answer to this 
w^as given by Hertz in his Mechanics, in a form which has been 
quoted innumerable times: Hypotheses are pictures or models, 
which w e make for ourselves of certain phenomena or groups of 
phenomena, in order to gain a better general view of them, and 
to see them more clearly. An hypothesis is good when this 
picture or model does not merely represent correctly the charac- 
teristics of the particular group of experimental facts, but when 
it further exhibits characteristics which lead us to new facts; when, 
in other words, 'the consequences of the pictures further prove 
to be pictures of the consequences.' Hence Mach distinguishes a 
'thought -economy value' and a 'heuristic value' of hypotheses, 
but both he and Hertz and all their followers quite clearly reject 
any intrinsic value in real knowledge of these pictures or models. 
For example, Nernst says in the introduction to his Theoretical 
Chemistry (second edition, 1898): ‘The introduction of hypotheses 
has become necessary in order to reach a deeper knowledge of 
natural phenomena, which leads to the discovery of new laws 
('heuristic value'); the latter can be tested by experiment, and 
success proves the utility of the hypothesis, but by no means its 
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correctness. . . . The hypothesis is therefore a very valuable aid 
to science; it is in no way an end in itself (at least for those who 
are devoted to exact science), but must needs produce the proof 
of its right to exist by connecting known experimental facts with 
one another, or assisting us to arrive at new ones.' 

It must be expressly stated that this is not at all the peculiar 
private opinion of Nemst; but that he is merely stating what the 
great majority of his colleagues at that time thought, and even 
for the most part still think to-day. It is true that these sen- 
tences, which also appear in the new edition of his work, seem 
almost comical to-day, since what follows them disproves them 
point for point. For Nemst, no more than Ostwald, has been 
able to continue to avoid admitting that the 'grained structure 
of matter' (as the latter says), or in other words the atomic theory, 
must be regarded to-day as a fact. Thus even Nemst says in the 
fourth edition (1913): 'In view of such remarkable confirmation 
of the view which the kinetic theory gives us of the molecular 
world, we are obliged to admit that this theory is beginning to 
lose its hypothetical character.' 

Nevertheless, in his time the whole earnest endeavour of that 
generation of investigators was directed towards ehminating from 
science hypothetical elements of this kind, for the reason that 
they had been arrived at purely speculatively and were not 
founded on direct observation. But an endeavour of this kind 
means, whether we like the word or not, a philosophical activity, 
in particular in the field of epistemology; and thus these physicists 
and chemists became philosophers without really wishing to do 
so. They became, however, a quite special kind of philosophers, 
namely, positivistic (empirical) epistemologists. In Mach’s case 
the transition was obvious. He began as a physicist and ended 
as a pure theorist of knowledge. His chief work The Analysis 
of Sensation has actually become the classical work of modem 
positivism. We shall return to it once more later on, but for the 
present we are only interested in the question of scientific 
hypothes(^ 

Mach’s ideal of a scientific theory is Fourier's theory of the 
conduction of heat, or thermodynamics. In both of these, one 
or a few obvious fundamental laws are developed into a whole 
system of consequences, which then again appear as the expres- 
sion of possible observation. The reader who is not acquainted 
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with the above two departments of physics may take as an 
example of such theories the treatment of the laws of reflection 
and refraction in elementary geometrical optics (theory of con- 
cave mirrors, lenses, etc.). The position in electrostatics is 
quite similar, where a few simple fundamentals (constancy of the 
potential on a conducting surface, Coulomb^s law, the energy 
laws, etc.) hkevdse lead to the correct prediction of a vast number 
of single phenomena, both quahtatively and quantitatively. 

We will call such theories 'elaborative.' Their characteristic 
is that they contain practically no hypothetical elements; the 
fundamental assumptions in them (in the case of Fourier's the 
law of heat conduction, in elementary optics the two laws men- 
tioned) are themselves data of experience. In the same way, 
the whole of thermod5mamics depends upon the two general 
first and second laws (energy and entropy) which without 
doubt may be regarded as the summary of an enormous number 
of individual experiences. If the word theory is understood as 
the logical arrangement of a large number of single laws to form 
a closed system of reasons and consequences, these examples 
from physics are without doubt patterns for such theories. Even 
philosophers who are not positivists will have no objection to 
make to this statement. 

But without doubt, there is in physics, and altogether in 
science - a second and quite different class of theories for which 
the w'orld has a distinctly different sense than for the examples 
just mentioned. Of this second class of theories, which we will 
call ‘explanatory* theories, the atomic theory forms the best 
possible example; we have already mentioned a few others, such 
as the w^ave theory of hght, the Newtonian theory of the planets, 
the kinetic theory of heat, etc. The characteristic of this kind 
of theory is that the desired logical connection and unification 
of the facts is only reached on the basis of a speculative assump- 
tion, which is described as the hypothesis upon which the theory 
is based. (This retains for the word ‘theory* the former sense of 
connecting single elements to form a logical whole, but in this 
way the word theory very often also includes the sense of hypo- 
thesis, so that in everyday speech the two are confused.) The 
theory thus becomes, or should become, a view in the truest sense 
of the word.* It should give us a view of something which 

• The word theory comes from the Greek verb theaomat, I look at; as in theatre 
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really lies behind the things immediately accessible to experience, 
and thus enable us to understand why these things behave as 
they actually do. When Dalton introduced the atomic hypothesis 
into chemistry, he wished to make comprehensible why the 
elements always combine in proportions by weight which are 
multiples of quite definite numbers, one for each element. This 
fact is assured in itself, but it is an unsatisfactory state of affairs 
to be obliged simply to accept it without being able to explain 
how each element gets its characteristic proportionate number 
(its so called combining weight). 

To take another example, it is equally a fact that in certain 
circumstances light meeting light results in darkness at certain 
points, and double illumination at points in between. This 
fact was already known in Newton's time to the learned Jesuit 
Father Grimaldi. But even a schoolboy, who sees such an experi- 
ment performed for the first time, immediately asks: How does 
it happen ? What is the cause of it ? This question is then 
answered by the wave theory of light as follows: Light is a wave- 
like process (this is the hypothesis), and waves, as is easily seen 
and proved, lead always and everywhere to so-called interfer- 
ence. Here also we have a fundamental explanatory hypothesis, 
and upon its basis a whole theoretical structure is then erected 
(in this case by Huygens, Young and Fresnel) in which all single 
phenomena of optics find their logical place. 

Let the reader note particularly that in all the last mentioned 
cases, the hypothesis, and with it the whole structure of theory, 
contains one or several elements which are completely outside ex- 
perience as so far known. No one in Dalton's time had really made 
atoms visible individually, or otherwise proved their existence, and 
no one in Huygens’ time had ever seen anything wave-like in a ray 
of hght. When Newton explained Kepler's laws by the assump- 
tion of universal gravitation, no one had ever made an experiment 
which demonstrated the mutual attraction of all bodies. In all 
three cases therefore, a real hypothesis, or in common language, an 
assumptr )U was made; a supposition, which was arrived at by purely 
speculative methods; a product of the scientific imagination, which 
can no doubt be stimulated to such a production in very various 
ways, but in any case must perform a creative act, which is on a 
like plane with the productive activity of an artist. 

When we are quite clear about this, we are equipped to 
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continue our historical and critical discussion. The actual content 
of the whole of Mach's and Ostwald's criticism of hypotheses 
may now be exactly formulated as follows: Their school of thought 
disputes (or disputed), the right of theories of this second kind 
to be regarded as a legitimate element in science. It maintains 
that what is useful and tenable in them, finally amounts to the 
same thing as theories of the first kind, but that what really 
distinguishes them from the latter, namely the hypothetical 
element found by speculation, has really no right to admission 
into science. These theories are therefore supposed to be of use 
in so far as by their help ‘the phenomena occurring in nature can 
be described as completely and simply as possible'; but they lead 
to error when the belief arises that they bring us nearer to the 
‘nature of things,’ the latter concept being a speculative notion 
altogether without any meaning, and conveying nothing at all 
to an exact investigator. All that the latter is concerned with 
are experimental facts and their logical connection. Anything 
more than this is objectionable. 

It is instructive to follow the working out of this critical attitude 
in the particular case of the motion of the planets and gravita- 
tion. The physicist, Drude, in a well known address delivered at 
Leipzig, undertook to develop the programme of physical posi- 
tivism, wuth respect to this point. Drude put the matter some- 
thing as follow^s: — We used to speak of an ‘explanation’ of Kepler’s 
laws by means of Newton’s assumption of a force of gravitation 
between the heavenly bodies. But what did Newton really do ? 
He differentiated the equations of planetary motions twice with 
regard to time. The result was a system of equations, which 
state that the acceleration experienced by a planet at a given 
instant, is directed towards the sun, and inversely proportional 
to the square of its distance from the sun. If we multiply this 
acceleration by the mass of the planet, and call the product, as 
everywhere in mechanics, ‘force,’ we have a simple expression of 
the facts, which is very readily grasped on account of the anthrop- 
omorphism instinctively associated with the word ‘force,’ 
but nevertheless in reality is nothing more than the original 
law of Kepler. It has simply been put in another form, more 
economical in thought, and also more useful heuristically. For 
this new formulation leads to our discovering further facts (dis- 
turbances, tides, etc.).^* 



MEANING AND VALUE OF PHYSICAL HYPOTHESES 37 

All this sounds very plausible. As a matter of fact criticisms 
of this kind - 1 could easily give a further half dozen examples*® 
- brought in their time almost the whole world of science into 
the ranks of the positivists. If thirty years ago any one dared 
to put forward any other view in front of physicists or chemists, 
he was received with a pitying smile and regarded as suffering 
from incurable philosophical softening of thought, and this state 
of affairs continued long into the present century. The author, 
when he published the first edition of this book in 1913, was 
prepared to be ridiculed by the whole of his scientific colleagues, 
although individual physicists of eminence, in particular Planck, 
had already expressed themselves quite clearly in opposition to 
this excessive criticism. 

The fabulous success of recent atomic physics, Planck^s in- 
fluence, and perhaps to some extent that of this book, which has 
been read by numerous young physicists, have led to some change 
in the meantime. Hence I had some hesitation in allowing this 
attack on the positivist position, which I retained in the last two 
editions, to be again printed, since it might easily appear like 
tilting against windmills. However, the very latest develop- 
ments in physics, as we shall see later, have once more given such 
an impetus to positivism, that it would be quite wrong to regard 
it as finally superseded. Everything rather points to its further 
advance, and hence it was necessary to repeat at this point what 
was to be said on the subject. 

The history of atomic theory in the last thirty years is a com- 
plete proof, which cannot be refuted by any sophistry,*^ that the 
over-critical, positivistic enmity to hypotheses in physics was a 
serious error. For exactly what this criticism (that of Mach, 
Ostwald, Stallo, Kleinpeter, Petzoldt, etc.) regarded as an illegiti- 
mate speculative element, and wished to eliminate from physics, 
namely the atomic theory, has turned out to be the turning 
point of the whole of modern physics. The atoms of which it 
speaks, are not, as Mach maintained, 'like all substances, 
imaginary things without any real existence,* they are just as 
real as any other object in the material world. And as events 
have shown, the progress of physics did not depend upon regard- 
ing atoms as a picture helping us to describe phenomena as simply 
as possible, but on the contrary, upon taking them as real things, 
the nature of which it was necessary to investigate. The whole 
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of the physics of to-day turns about the question: What is the 
atom ? No one asks any longer: in what respect do things behave 
'as if they consisted of atoms ? It would be just as senseless for 
a botanist or zoologist to ask the analogous question concerning 
the cell, which might perhaps have been reasonable in Virchow's 
time. 

The case is closed regarding the actual structure of matter as 
consisting of atoms, and there is no point in further discussing 
what has ceased to be a problem and has become a presumption 
of all further investigation. This fact proves conclusively that 
there must have been a serious fundamental error in positivist 
criticism, since it could not otherwise have so completely failed 
to foresee what actually happened A theory of knowledge - 
we will turn upon positivism its own weapons - which fails to 
stand the test of later progress in investigation, is of just as little 
value as a scientific theorj^ w'hich is refuted by further experience. 

The truth which we state in opposition to this excessive criticism 
of hypotheses, is this, that precisely those elements of the 'ex- 
planatory theories’ found by hypothetical and speculative means 
form the truest and most valuable contributions to knowledge 
made by science. Far from being mere aids to work, pictures, 
models or the like, they are in truth the most important matter, 
and contain exactly that around which the whole of investigation 
turns. The knowledge that matter consists of atoms is a hundred 
times more important than all the 'consequences of the picture’ 
which are comprised in it (such for example as the law of Dulong 
and Petit, that of multiple proportions, or of the existence of 
32 classes of crystals). All these are really only steps on the way 
to that fundamental truth; naturally they have also a value as 
knowledge in themselves, but from the standpoint of a criticism 
of knowledge which takes a view of the whole, their value is 
finally determined by the amount by which they bring us nearer 
to the root of the matter. 

This is also true, to set right the example discussed above, of 
gravitation. It is simply wrong to say that Newton’s law of 
gravitation contained nothing more than another mathematical 
expression for the facts stated by Kepler’s laws. What is new 
and decisive in Newton’s discovery is overlooked in Drude’s 
description of it; namely the recognition (at first only hypothetical) 
of the presence of a general attraction between all bodies, of 
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which no one, including Kepler, had thought before Newton, 
although Kepler had also performed the transformation pointed 
out by Drude. In this case history chances to make it perfectly 
obvious that it is not a matter of this mere simplified statement - 
for otherwise Kepler and not Newton would be the discoverer of 
the law of gravitation - but that the scientific imagination had 
first to produce something entirely new, this new thing being an 
hypothesis. But this hypothesis, as in the case of the atomic 
theory, has later turned out to be a fact, though in one case only 
a hundred years was required for this, while in the other, almost 
2000 years elapsed before the demonstration took place. 
The presence of universal attraction is an indisputable fact, 
since Cavendish, and after him numerous other physicists such 
as Richarz, Jolly, Krigar-Menzel, proved its presence by means 
of the torsion balance. Edtvos recently proved it and measured 
it with the greatest exactness by means of other very highly 
sensitive apparatus. This originally hypothetical, that is to 
say, merely suppositional, discovery of an entirely new set of 
facts, of which no one had thought before Newton, is the essential 
point, and as compared with it, 'thought economy' or heuristic 
value are purely by the way. It is obvious that these are always 
present in full degree in the case of an hypothesis which fits the 
facts. 

Although we have thus stated in strong terms our point of view 
as regards 'hypotheseophobia' (Ed. v. Hartmann) we must also 
be fair to the other side, and not dispute that there are certain 
elements of truth in the positivist criticism of hypotheses, which 
we must now bring forward. In the first place there can be no 
doubt that a supposition is naturally not the same thing as the 
discovery of a fact. When Leverrier supposed that an eighth 
planet, Neptune, existed outside Uranus, but had never been 
seen by man, or when Mendeleeff prophesied the existence of 
three undiscovered elements, these were for the moment only 
suppositions which did not prove to be facts until afterwards. 
The sam- is true of gravitation, of atoms, and many other things. 
All that we are disputing is that we ought to ascribe to such sup- 
positional judgments an entirely different kind of content than is 
ascribed to judgments of fact. The supposition means exactly 
the same as the statement of fact, but the degree of certainty is 
different. The critics of hypothesis believe, on the other hand. 
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that hypothetical statements are totally different in content. 
According to them, the statement concerning gravitation meant 
something entirely different from what it actually said, namely 
not actual reality, but only a model. It is this that we deny. 

But on the other side, it is obviously impossible to deny that 
man is capable of erring in the case of such suppositions as in all 
other cases. The notorious failure which has been the fate of so 
many h5TX)theses, defended in their time with the greatest con- 
viction (we need only mention Stahl's theory of phlogiston, or 
Berzehus' electro-chemical theory) warns the scientist to be 
careful and modest. It would be easy to mention a couple of 
dozen such false hypotheses in the history of science. But much 
more erroneous than all these historical blind alleys is the state- 
ment made by an eminent scientist of our day, Uexkiill, and 
believed by so many: 'a scientific truth is nothing but the sum 
of the errors of to-day.' It is the main object of this book to 
refute this false conclusion by simply pointing to what science 
is able to show in the way of real addition to knowledge, and 
most particularly by means of the formation of fruitful hypotheses. 
A truth that has once been really found out remains a truth, at 
the most it can be extended or deepened by further insight, or 
brought into new logical connection with other truths, but it 
never becomes on that account an 'error of to-day.' It is just as 
easy to find an equal number of examples, in the history of science, 
of truths which, once discovered, have never been abandoned 
again, as to find examples of misconstructed hypotheses. But 
since our whole discussion wiU prove this sufficiently we need not 
say more at this point. 

But there is one further respect in which we must make an 
honest admission as regards positivist criticism. In numerous 
scientific, and in particular physical hypotheses, there is a great 
deal of the picture or model, indeed we may say, that we find in 
practice every imaginable stage between a purely pictorial hypo- 
thesis and one - according to our view - almost purely real. As 
a typical example of a near-picture, we may take the well known 
representation of the relationships in the magnetic field by means 
of an analogy with a current. We speak of the 'flux' of magnetic 
force, of the 'permeability,' of 'sources,' 'sinks,' and ‘eddies' of 
the magnetic flux, and so on. No physicist means anything 
else by all this than simple pictures, which allow of a pictorial. 
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and hence easily understood, form of expression; the whole 
depends upon a purely formal analogy which chances to exist 
between the mathematical formulation of the laws of a magnetic 
field on the one hand, and those of the flow of liquid on the other. 
Here therefore we have a true fiction in Vaihinger's sense. 

In the case of electric current, for example, matters are already 
considerably different. In the first place, the analogy itself goes 
much further, inasmuch as it includes the conversion of energy 
in the wire and in the current of liquid respectively, a true process 
taking place in time therefore being present in both cases. But 
while until a short time ago it was still possible to maintain that 
this case also was nevertheless only a formal analogy, the aspect 
is changed since the electron theory (page 124) compels us to 
assume the actual existence of very small 'corpuscles’ moving 
through the wire in one direction. Here the analogy is obviously 
changed into identity. 

It would be easy to set up an almost completely continuous 
series of such ideas, from pure models on the one hand to entirely 
realistic hypotheses almost free from the picture element; and 
this series of steps, for each of which some present-day scientific 
notion affords an example, has often been traversed by a single 
hypothesis, in the course of scientific development, from one end 
to the other, as, for example, the kinetic theory of gases. This 
will be clear enough in individual cases when we come to discuss 
them. When positivist critics insist that the pictorial accessories 
of a theory are not to be erroneously given out as real objects of 
knowledge, we must admit that it is doing real service. 

This has frequently been proved to be the case in the history of 
science, as we shall see particularly in the theory of light. For 
it thus forces science to consider what it is that is the really 
essential feature of the hypothesis in question, and thus protects 
it from a danger always present, of seeing in such pictorial com- 
ponents problems which in reality do not belong to the matter 
at all. I'his is also true of atomic theory, which has often been 
represente d as dealing exclusively with single corpuscles, separ- 
ated from one another by empty space. In actual fact, the sole 
essential notion of a 'grained structure' of matter may very well 
be compatible with a fundamentally continuous idea, only that 
the notion of separated corpuscles is simpler, and somewhat 
closer to common everyday talk, than a wave theory or the like. 
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If therefore we readily recognise that criticism in this respect has 
been of real service, we must not forget that, as history shows, it 
has always been in danger of completely denying the existence 
of problems which in reality form precisely the essential point 
of the whole matter. For only too often it has appeared, that 
an hypothesis originally thought of as a picture, or as a purely 
provisional construction 'without prejudice/ has turned out to 
have actual reality, and that its assumptions have later been 
shown to exist. Only by keeping both sides of this matter in 
mind, are we able to steer the middle course between dogmatism 
and hyper-criticism.^^ 

If we now summarise the whole matter in asking what, accord- 
ing to what has been said, is the actual nature of a physical, or 
more generally, a scientific hypothesis, we may reply as follows: 

A physical hypothesis is the presumption of the existence of a 
general state of affairs, lying at the hack of certain phenomena which 
are matters of experience, and allowing the phenomena in the field 
of facts in question to he deduced qualitatively and quantitatively 
{mathematically) from the presence of the said state of affairs and its 
assumed laws. The assumption made will then also evidently 
allow other consequences to be drawn, and if the hypothesis is 
correct, these conclusions will be confirmed, the confirmation 
again increasing the probability of the truth of the hypothesis. 
The indirect confirmation of an hypothesis obtained in this way may 
he so convincing that its prohahility practically amounts to certainty. 
But the task remains of also confirming it directly, and this can 
in many cases be accomplished, with the result that the hypothesis 
is promoted to the rank of true fact (atoms, gravitation, light 
wnves, etc.). The solution of these problems forms the most 
important part of the progress of science. As a rule the process 
is accompanied by a criticism which removes from the hypothesis 
in question unnecessary pictorial elements. 

From this point of view we are also able to make a clear decision 
on the old disputed point as to what is the difference, if any, 
between description and explanation. One of the consequences 
of the critical attitude towards hypotheses which we have been 
considering is to deny the existence of such a difference, and 
hence to see in all so-called explanations nothing but a descrip- 
tion of natural processes, perhaps simplified and adapted to 
economy of thought (compare for example Kirchofl's words quoted 
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above). For it is said, we cannot speak of a real explanation 
when a group of facts which are strange to us is made intelligible 
by means of a model or picture constructed from known or 
familiar ideas (such as magnetism, and the picture of a current). 
We simply imagine that a matter is clearer to us when we find in 
it a number of features long known to us, and hence not exciting 
our surprise. Even if we admit this, it is by no means a necessary 
conclusion that there can be no fundamental difference between 
description and explanation of natural phenomena. 

According to what we have said, the difference is to be found 
in the fact that the explanation contains the logical subordination of 
the particular under the more general, for example that of the 
planetary motions under the general law of gravitation, while 
description is the simple statement of facts as they appear. This 
however results in explanation becoming a relative concept, for 
every general set of facts of this kind (for example gravitation 
or the grained structure of matter) is again the object of a descrip- 
tive judgment. Every explanation therefore gives as a matter 
of course, if it really is an explanation and not a mere picture, a 
new and more comprehensive description - and this is entirely 
our contention to those who deny to hypotheses all real value 
for knowledge - but this in no way abolishes the logical relation- 
ship of subordination which exists between the formulation of 
the general truth as a 'fundamental law' and the particular group 
of facts that fall under it, and are regarded as deductions or 
consequences of it. 

The laws of the planetary motions appear to us logically as 
deductions from Newton’s law of gravitation and not conversely, 
although apparently - in this case - one is completely equivalent 
to the other. The logical relation of subordination comes from 
the fact that the law of gravitation is a quite valid general law. 
No one would dare to draw such a conclusion as this ; ' If the 
Kepler laws of planetary motion are true, then all bodies must 
attract one another according to Newton's laws.' But the 
converse: Tf Newton's law is true, then the planets, among other 
bodies, must also act in accordance with it, which gives Kepler's 
laws.' Hence we can say: Explaining consists in arranging 
individual facts which we meet with, and first of all simply observe, 
in more general connections. We shall see later what conse- 
quences flow from this point of view. But we may here point 
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out that every explanation itself calls for a further explanation, 
that is, a search for still more comprehensive connections, since 
any explanation must contain the description of a simple set of 
facts. This is particularly easily seen in connection with the 
example of gravitation, Newton himself having felt it quite 
clearly. He says, after he had spoken of universal gravitation: 

Rationem vero harum graviiatis proprietatum ex phaenomenis 
nondum potui dediicere et hypotheses non fingo. . . . (here follows 
the well knovm statement that hypotheses, whether metaphysical 
or physical, have no place in physics). 

We will not go into the question here as to what Newton was 
really thinking of under the term hypotheses when he condemned 
them. But I do not think that he meant the same thing as do 
the positivist critics who so willingly make use of these words in 
the fight against the atomic and molecular hypotheses. For it 
would then be impossible to understand what Newton could have 
meant by the first word of the above quotation - the ratio. He 
is here seeking a reason for the peculiarities of universal gravita- 
tion as determined by him. Are we to take this to mean that 
his description of planetary motion was not simple enough from 
the point of view of thought-economy ? Could there be any- 
thing simpler than Newton’s law? I believe rather, that his 
attitude towards gravitation was the same as that of every 
physicist to-day, whether the latter be clear about it not. 

Newton also had a feeling that there must be an answer to such 
questions as these: WTiy do w^e find in the denominator on the 
right hand side and not or r, or some other function of r ? 
How is it possible that such an interaction between two bodies 
can exist through space without apparent connection ? There 
must be reasons for all these things, in other words, it must be 
possible to deduce the facts we are discussing from a still more 
general and comprehensive statement of facts. We shall see 
later to what extent we may regard this as having been success- 
fully accomplished to-day. Newton can have had no objection 
to such attempts, as is best proved by his emission theory of light 
(see page 104), which he certainly thought out as a reason for the 
properties of light. We shall return several times again to this 
fundamentally important question of the theory of our knowledge 
of nature. But we will continue our description of the results of 
science, taking it up at another point, namely physics. 



IV 


THE ELEMENTS OF MECHANICS 

We begin our survey with this branch of physics, since it is 
not merely the historical starting point, but also belongs at the 
beginning by its content. For the fundamental notions here 
developed are further applied in every department of physics. 
As a preliminary to actual mechanics, text books of physics 
usually take dynamics or kinematics, a pure doctrine of motion, 
which constructs its objects quite arbitrarily in a mathematical 
sense, without asking whether the forms of motion considered 
actually occur in nature, and how they are brought about. 
Mechanics proper then begins with the latter question, that is, 
the causes of real motion. 

It is well known that the foundations of both branches of the 
science were laid by Galileo. In kinematics, his main achieve- 
ment was the creation of the concepts of momentary velocity and 
momentary acceleration. Both of these assume conceptual work 
with so-called infinitely small magnitudes, that is to say, the 
introduction of a limit. In this way Galileo became, it is true 
without himself having any idea of it, one of the founders of a new 
branch of mathematical thought, the calculus of infinitesimals, 
which shortly after his time was recognised in its true importance 
by Newton and Leibniz, and brought by the latter into its present 
day form. 

Galileo laid the foundations of mechanics proper by setting up 
the law of inertia, at first however in a special form, but his con- 
temporary Baliani soon afterwards gave it the general form, in 
which it still forms the foundation of mechanics. It states that 
a body exposed to no external influences whatever retains 
unchanged its existing motion, that is to say, moves in a straight 
line with uniform velocity. If it does not do so, something must 
be acting upon it, and this something, that is to say, everything 
that is capable of producing a departure from motion according 
to the law of inertia, is called in physics force. The concept of 
force is therefore, as it were, the other side of the law of inertia. It 
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then immediately appears that a further fundamental concept is 
very closely connected with it, the concept of mass. Experience 
teaches us that the same external effect (for example the same 
charge of gunpowder) produces in different bodies different rates 
of acceleration. Hence a different 'inertia resistance' is ascribed 
to them, and the physical measure of this is called the mass of the 
body in question. We shall deal with this in greater detail below. 

In these fundamental concepts of mechanics which we have 
sketched quite shortly - the reader may be referred to any text- 
book of physics, but they are not all free from objection on this 
point*® - there is an abundance of epistemological problems which 
for the most part are extremely difficult, and have given rise 
since Newton’s time to innumerable discussions both among 
physicists and mathematicians, and among philosophers. We 
will mention the most important of these, but we can only discuss 
a few' of them in detail. A proper discussion of the whole subject 
W’ould require not one but several special volumes. 

First a few w'ords concerning the method of infinitesimals and 
the part played by it in scientific investigation. It is this method 
that first rendered possible the mathematical mastery of natural 
processes. For these appear to be - at least at first - continuous 
or unbroken changes which cannot be dealt with by any other 
method than this mathematical w'eapon in question. Spengler, 
as is w'eU known, has seen in the development of this new method 
the characteristic expression of the modem 'Faustian' or 'dynamic' 
cultural soul, w’hich he contrasts with the ‘static’ soul of Graeco- 
Roman antiquity. He also maintained in this sense that the 
beginning of an infinitesimal treatment, already observable in 
the case of Archimedes, in reaUty was something totally different 
from this method, which was recognised by Leibniz with such 
wonderful clearness. In my opinion he has not proved this 
thesis. In spite of Spengler, it is much more natural and simple 
to suppose that the Greeks had first to master the static part of 
mathematics, that is to work with magnitudes regarded as 
unchangeable, before they could begin work with variables. Every 
schoolboy to-day must go through the same process, although he 
is hving in the midst of 'Faustian' civilisation. For the simpler 
must necessarily precede the more comphcated. 

More important for us than such sideUghts on the philosophy 
of civilisation are the problems in the theory of knowledge which 
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lie behind the calculus of infinitesimals. We may make the 
fundamental point clear by means of an example, since it is unfor- 
tunately not permissible to assume that the reader, unless he 
has studied mathematics, will be sufficiently acquainted with 

the matter. Let us consider the function y = (dependence 

OC CL 

of two variables upon one another), y here represents the 
dependent variable, x the independent variable. The func- 
tion gives, when represented graphically, the straight line shown 
in figure 2. But in this diagram the point for which x = a is 



Fig. 2 

Graphical representation of the function 



missing. The value of the function for this value of a is not 
obtainable, since division loses its meaning when the denomi- 
nator becomes zero. In older text-books of mathematics we 

find some such argument as the following: The quotient -- — - 

assumes foTx = a the indeterminate value 0 jO. This may in 
itself be anything at all, since conversely any quantity whatever 
when multiplied by 0 gives 0. In order to find the true value of 
the quotient in the present case we must first carry out the divi- 
sion generally and then put x = a. If we do this we get from 
y = X a, the result y = 2a, when x = a; and this point actually 
lies on tht line representing the function. 


Considerations such as, or similar to, this were also sufiftcient 
in the beginning for the first workers with the calculus of in- 
finitesimals and its application to geometry and physics. But 
in the course of the past century, particularly since the time of 
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Weierstrass, this point of view was subjected to strong criticism, 
and it is quite general to-day to proceed in a fundamentally 
different manner. The characteristic point of the old method 
was to raise, and attempt to solve, the problems as to what are 
the ‘true values* of the quotient in the case in question (and 
similar expressions). 

Modem mathematics, on the other hand, takes the view that 
there is here no problem at all, but that it is simply a question of 
making a new definition. Since, namely, in the explanation 
of division, the case that the divisor is zero was expressly 
and of necessity excluded, it is also necessary to fix for the 

x^-a^ 

function a- == a sense for the case x = a. Hence there 

X - a 

can be no question of there being anything to find out here 
which was already determined. Instead we simply define that 
for X = a, the dependent variable y is to assume the value 2a, 
in order to make the course of the function completely con- 
tinuous. Any other definition would not be economical in 
thought, since it would give us some isolated point off the line, 
and this would be loaded with a discontinuity. In exactly the 
same wat’, it is now a general practice, even in elementary 
mathematics, to replace a problem by a definition, for example 
in introducing the rule ‘minus times minus equals plus,* or the 
powers with negative exponents (a~“= 

Now it is easy to see that this procedure is extremely convenient 
and advantageous for mathematics as such, since it gets rid of all 
such inconvenient questions at a single blow^; but this is no 
more, if it means regarding the problem as settled from the 
point of view^ of the theory of knowledge, than positivist and 
conventionalist epistemology. For the epistemologist the 
problem begins at the point where mathematics has left it. He 
is obliged, if he is not already completely lost in positivistic ideas, 
to consider the question of how it is that only those definitions 
hitherto regarded as the results of a logical process, lead to 
reasonable results; whereas every other definition would be a 
completely senseless assumption, which might be made with 
equal justification in an infinity of different ways. It is here 
that the true problem arises for the theory of knowledge; ‘economy 
of thought* merely hides it instead of making it clear. It is not 
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possible to go more deeply into this problem within the limits of 
this book,®® since we are here only dealing with science. It is 
obvious that the problem of mathematical infinity is closely 
connected with it. 

We must still however glance at a scientific side of the question. 
The calculus of infinitesimals, as we have said, is the method by 
which the continuously variable function, and hence the con- 
tinuous flow of events in space and time, is rendered accessible 
to mathematical analysis. The question however arises as to 
how far nature herself actually ful^ this assumption of the con- 
tinuity of her processes and connections. The question is not a 
new one; it was eagerly discussed at the time of the foundation 
of the calculus, since the atomic theory was already quite generally 
discussed as a hypothesis of scientific philosophy.®^ 

It is easy to see that, if matter really consists of completely 
separated particles, all processes taking place in it, which are 
apparently continuous, such as sound waves, heat conduction, or 
the like, are in fact, in sub-microscopic dimensions, by no means 
so continuous as they appear. It is therefore plain that the 
formulae of the infinitesimal calculus can only offer a first approxi- 
mation, since we know that atoms are not a mere assumption, 
but a real fact. It is nevertheless possible to retain the idea of a 
continuous process in nature by adding the further hypothesis 
that the atoms themselves depend upon a process taking place 
in a continuous medium, in a manner similar to waves or vortex 
rings, and this supposition has hitherto satisfied those philosophers 
who, like Kant, hold the idea of the continuity in time and space 
of nature to be given a priori (to he in the nature of our mode of 
perception or thought); others however -and in my opinion 
rightly - have taken up the position that this question can ulti- 
mately be decided only by the investigation of nature, and hence 
have quite seriously considered the possibility that the world 
may after all finally consist in a discontinuous, and not a con- 
tinuous manifold (Boscovich and later Boltzmann).®® It would 
thus be, tu use a modem analogy, a cinematograph, in which a 
discontinuous succession of pictures produced the false impres- 
sion of continuous succession of change. 

Quite recently, this supposition has suddenly acquired 
unexpected importance through the development of the quantum 
theory; we shall have to discuss this more in detail later. If this 
Es 
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should finally turn out to be right, the calculus would not then 
be the method best suited to physics, and in its place, in dealing 
with the most fundamental matters, we should calculate with 
very small, but finite magnitudes; in other words arithmetic in 
place of analj’sis, an arithmetic which however would merge into 
statistics, the results of which could then be obtained with the 
greatest accuracy by infinitesimal methods (see below). 

Space does not allow us to go further into the purely mathe- 
matical aspects of the question. We now come to the second 
complex of questions, the geometric-kinetic. The two cannot 
be separated, although epistemology has attempted often enough 
to confine itself to geometry. The unquestioned view not only 
of philosophers but of every physicist, was until recently, that 
geometry and kinetics, or in Kant's language the doctrine of the 
pure forms of perception of space and their combinations with 
time, were, from the standpoint of physics, given a priori or, to 
use Weyl's words, that space and time were 'empty apartment 
houses,' into which physical experience had first of all to move, 
the laws of it (geometry and kinetics) being for this very reason 
given beforehand. As a matter of fact, no physicist has felt it 
necessary for him to carry out geometrical experiments, such for 
example, to attempt to prove by experiment that the sum of 
the angles of a triangle is equal to two right angles. Only one 
mathematician, Gauss, attempted to carry out an heretical 
experiment of this kind (a measurement of the triangle, Brocken 
“Inselsberg-Hoher Hagen). Kant was supposed to have proved 
the a priori truth of geometry in his 'transcendental aesthetics.' 

The position is somewhat different with regard to kinetics. 
Here experiments have been very largely made use of, mainly for 
the purpose of teaching, and without seriously disputing the fact 
that the results obtained might have been found a priori. This 
whole point of view has been completely changed recently as 
a result of the relativity theory. The whole structure of this 
historical apriorism, is now shaken, and we shall see later what 
the position of affairs is at present. For the moment we must be 
satisfied with raising a few fundamental questions, which show 
what troublesome problems for the theory of knowledge are every- 
w'here behind the apparently simple foundations of mechanics, 
in this field also. 

i ake first ol all the concept of the straight line, which is made 
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use of in the law of inertia. Whence does this concept come ? 
Is the straight line an empirical concept ? Or the idealisation of 
empirical ideas ? A logical construction ? A necessity of thought 
(assuming that we want and need to form geometrical concepts) ? 
Or what else is it ? How do we know whether a line is straight, 
and - a question immediately connected with it - whether a 
surface is plane ? Do we judge straightness or planeness accord- 
ing to the rules of Euclidian geometry ? Or have we on the 
contrary deduced the latter from our experience with real bodies, 
and have we therefore to judge the validity of Euclidian geometry 
according to the exactness with which real bodies fulfil its laws ? 
Or finally, is the whole matter really altogether different from 
what it would appear from these frequently stated alternatives, 
and hence are the latter put quite incorrectly ? 

Further, the law of inertia speaks of uniform motion in a 
straight line. Uniform motion is defined as a motion in which 
equal distances are passed over in equal (indefinitely small) times. 
A further chain of problems. First: What are equal distances ? 
How are we to determine whether two distances are equal ? 
We say: by using a measuring rod - but who is to guarantee 
that this does not change its length in the course of the operation ? 
More correctly: What is length, which can only be defined by 
means of this measuring operation ? But if we regard this ques- 
tion as solved (the further development of the theory of relativity 
by Weyl, Hilbert and others has shown that this is far from being 
so; see below), further questions remain. What are equal times ? 
How are we to determine whether two times are equal ? In actual 
fact, our final measurement of time is by means of clocks, which 
are regulated by the rotation of the earth, and we thus assume 
that the latter motion is uniform (in accordance with the law of 
inertia and its consequences) Are we not here arguing in a circle, 
by first defining the measurement of time by uniform motion, 
and then finding the latter by means of the former ? 

It is possible to escape from this circle, as earlier discussion of 
these quc. lions (among others by Maxwell®^) showed. For the 
measurement of time can be referred to the so-called principle 
of identical changes, which says that one and the same natural 
change always takes the same time for its repetition, and hence 
every such repetition can serve as a clock, as is actually the 
case in all clocks used in practice. Fundamentally speaking, a 
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measurement of time would be possible in this way without 
making use of the rotation of the earth; indeed we might even 
think, if our clocks were accurate enough, of testing, conversely, 
the uniformity of the earth's rotation by means of the clock, a 
matter which is being seriously undertaken to-day. But is there 
in nature such a thing as two exactly similar processes ? And, 
if not, how about the measurement of time ? Is the concept thus 
tainted with inaccuracy, or does the inevitable inaccuracy only 
apply with Kant's 'empirical time,' while the absolute time of 
Newton aequabiliter fluit, without taking any notice of such 
empirical and technical defects ? What, altogether is the con- 
cept time and the measurement of time ? We shall refer to 
further problems connected with the concept of time later on. 

Finally the complex of questions into which, as we shall see 
later, the two mentioned above flow: the law of inertia speaks of a 
body 'not exposed to any external influences' but this can only be 
the case when no other bodies whatever are present, as all physics 
teaches us that all bodies are continually acting upon all other 
bodies. But if no other bodies are present, there is no body there 
for reference, from which the movement could be judged, and 
then the whole statement concerning uniform straight line motion 
is left completely in the air. It is simply impossible to describe 
a motion in any other way than by referring it to some other body, 
or in the ideal case, to a system of co-ordinates. Whence is this 
to be derived, if the condition of the law of inertia, that of a body 
being left to itself, is really to be fulfilled ? Do we not again find 
ourselves in a vicious circle? L. Lange showed, already fifty 
years ago, how this is to be avoided, in a very profound study 
on the Historical Development of the Concept of Motion, We can 
only refer here to this essay, which even to-day is of value.®* 

Another version of the same problem has fundamental import- 
ance for us. It is possible to say, and it has been said, that a 
purely kinetic statement of the above question is wrong from the 
start, since it is not a matter of determining the presence of 
motion by purely optical means with reference to other bodies 
against which we can observe, but of determining whether motion 
and rest are characteristic of a body in itself, the examination of 
which is possible by some physical means, or whether this is not 
the case. In other words: even if it is undoubtedly true that 
from a purely kinetic point of view, a motion cannot be described 
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without reference to a system of co-ordinates, this by no means 
settles that this kinetic relativity must also be a physicalrelativity. 
It might after all be the case that within a completely enclosed 
space, by means of observation of certain apparatus inside it, 
and without any communication with the outside world, it would 
be possible to determine whether this space is in motion and in 
what way. Mechanics hitherto has actually led to a curious 
result, that this is possible in one respect, but not possible in 
another. It leads namely to the inevitable conclusion, that a 
uniform straight line motion of this closed ‘box’ cannot be 
observed by means of mechanical means in its interior, but that 
every departure from such motion, that is acceleration, retarda- 
tion, or change of direction, immediately shows itself, also in the 
interior, as forces which appear. This state of affairs is known 
to everybody as an empirical fact through travelling by train. 
If we leave out of account the noise and shaking, which are caused 
by technical imperfection, it is actually impossible for anyone in 
a train moving at uniform speed to determine its motion. Every 
mechanical experiment which we perform in the compartment, 
such as the oscillation of a pendulum, experiments with falling 
bodies, or the like, would yield exactly the same result as in a 
stationary laboratory. Indeed, we know that this very laboratory 
is moving through space at an extremely high speed (19 miles 
per second), and that nevertheless everything takes place accord- 
ing to the simple laws of mechanics. But the moment the train 
slows down suddenly or goes round a curve, we notice the fact, 
often to our considerable discomfort, by the resulting effects of 
inertia (centrifugal force, etc.), a hanging pendulum would sud- 
denly be deflected, a bowl of water would be spilled, etc. In 
short, we can thus formulate the result, that uniform motion can 
only be detected relatively, but change of motion absolutely. The 
well-known experiments which proved the rotation of the earth 
are a further example of this fact. 

This latter law is called to-day the relativity principle of 
classical mechanics. Newton had already formulated it quite 
definitely as a result of imaginary experiments, and innumerable 
philosophers and physicists after him have puzzled over it.®® Let 
us carefully note that this principle, if it is to remain valid, already 
contains a refutation of the idea, that physical relativity can be 
directly deduced from the purely kinetic relativity of motion (as 
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for example Mach and others actually concluded). Kinetically, 
acceleration can no more be stated without reference to a system 
of co-ordinates, than can velocity (uniform motion). If the 
physical impossibility of determining the latter absolutely can 
be deduced from this fact, the same must equally apply to ac- 
celeration, which however, is by no means the case according to 
the results of Newtonian mechanics. 

This conclusion is so inevitable, that Mach, in order to avoid 
it, could find no other method than the assertion, that in reahty 
acceleration also can only be physically determined relatively, 
and not absolutely. He supposed that, in fact, it relates to the 
system of co-ordinates of the fixed stars. Whether Newton's 
real and imaginary experiments (Foucault's pendulum, etc.) 
would give the same result if no fixed stars existed, it is impossible 
for anyone to say. The mathematician has in this case (accord- 
ing to Mach) made too free a use of the method of imaginary 
experiment.' Mach, as we see to-day, anticipated an essential 
idea of the theory of relativity when he conceived this reference 
to the fixed stars. It is true that in his time the idea could not 
be accepted, since it was impossible to see what the fixed stars 
could have to do with experiments, which can be made in the 
same way in any laboratory on earth, and which do not need the 
fixed stars to permit their insertion in the system of theoretical 
mechanics. However, the unsatisfactory dilemma naturally 
remained, and hence the discussion continued without any 
tangible result. The philosophers mostly got out of the difficulty 
by reference to the principle of causahty. Their argument ran 
something as follows: where nothing happens, no cause is needed. 
Hence as long as a motion suffers no change, we have no reason 
for seeking a cause for it. According to this, the law of inertia is 
only a special form of the principle of causality. But then it is 
also clear that only acceleration can be determined, since only in 
that case does something really happen. Where nothing really 
happens, nothing can be determined. 

This argument sounds very plausible. Nevertheless, as 
appeared from a detailed discussion of the whole question which 
took place some decades ago between Mach, Hofler, Poske, and 
other eminent physicists,®® this a priori deduction of the law of 
inertia from causahty (which is also found in principle in Kant) 
is in reality not conclusive. It cannot really be proved a priori 
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that forces can only effect changes of motion. The law of inertia 
actually depends upon experience, not however in the sense that 
it can actually be proved by experience - this indeed is never the 
case, but that it is abstracted from certain experiences as an ideal 
limiting case, and then serves as the foundation for further ex- 
planation of experience. It is a 'postulate,' but a postulate that 
could never have been propounded without experience. We 
have already sufficient proof of this in that the ancients, who were 
certainly not inferior to ourselves in logical deduction, never hit 
upon it. For Aristotle, circular motion was the 'natural' motion, 
and he would therefore have said of it, that it needed no further 
causal explanation. On the other hand, he could only imagine 
continued straight line motion as the effect of a force, as of course 
everyday experience seems to prove, for example, in rowing. 

But if the direct reference of the law of inertia to causality 
fails, the argument concerning the relativity of velocity as com- 
pared with the absoluteness of acceleration also fails. The 
dilemma thus remains. If it is to disappear, it is either necessary 
that velocity should after all be determinable absolutely, even 
if not by mechanical, than by other means; or conversely, accelera- 
tion must be relativised as opposed to the position of classical 
mechanics. We shall see later how this problem is solved to-day, 
but we now leave for a time the discussion of the geometric- 
kinetic group of problems, and consider a third group of questions 
which relate to the fundamental physical concepts of mechanics, 
force and mass. 

According to the definition given above, force in physics means 
everything which is able to change the state of motion of a body. 
Every such change is described, by an extended sense of the word, 
as an acceleration, change of direction being acceleration in this 
wider sense, since it can be regarded as the addition to an already 
existing velocity of one directed sideways. Retardation is taken 
as negative acceleration. A definition of the concept of force 
thus amounts to the following: force produces acceleration. 

On the other hand, the mass of a body, as has been shortly 
explained above, means its inertial resistance. One body has 
twice, three times ... as great a mass as another, when the same 
effective force only produces a half, a third ... as great an accelera- 
tion as with the first body.^^ If we take any body whatever as a 
standard, and its inertial resistance as a standard of mass, the 
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other mass of any body can be compared in this way with 
the standard. We choose as our standard the mass of a cubic 
centimetre of water in its condition of greatest density, that is at 
4.i‘’C, and call this standard of mass or inertia a gram. The 
statement that a body has a mass of m grams, therefore means 
that it is m times as difficult to set in motion as the cubic centi- 
metre of water, or more exactly, that the same force produces an 
m times smaller acceleration in it, or that a force m times as great 
is required to produce an equal acceleration. We measure force 
itself by the product of mass and acceleration. 

Force is equal to mass times acceleration (F = m a). 

This equation, which was already given by Newton, was called 
the fundamental equation of mechanics. The unit of force is 
accordingly the force which produces in the standard mass of one 
gram the acceleration of one centimetre per second. This so- 
called absolute unit of force is called one dyne. Since its own 
weight, that is the attraction of the earth, produces in the standard 
of mass, or in any other body, an acceleration of 981 units 
(acceleration of gravity), the weight of a gram is therefore equal 
to 981 d5mes, but this quantity changes with the position on the 
earth’s surface, whereas mass is ever3rwhere the same. Galileo 
showed that all bodies fall equally quickly, and hence that the 
acceleration of gravity is the same for aU bodies at the same place, 
and from this it follows that the weight, that is the attraction of 
the earth, for all bodies must be exactly proportional to their 
inertia (for a — F jm only remains unchanged when both F and 
m change in the same proportion). Hence the weight and inertia 
of aU bodies are proportional to one another, and this relation- 
ship, which was first clearly recognised by Newton, has been found 
to be perfectly fulfilled, according to the extremely accurate 
experiments recently made by Eotvos.®® Its existence is the 
reason why, in common speech, weight and inertia are constantly 
confused. 

It required the genius of a Newton to arrive at the necessary 
distinction between two concepts which, in the word ‘heavy,’ 
are constantly mixed together in daily life. Even Galileo did 
not succeed in making this distinction; he still used the word 
pondus for both. Anyone who will understand physics must be 
perfectly clear about the distinction. Mass or inertia is resist- 
ance to being moved, weight is the force of gravitation between 
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a body and the earth. Hence the latter naturally changes with 
the relative position of the two, whereas the first has nothing 
whatever to do with the earth. The exact proportionality 
between weight and inertia forms the content of the first part of 
Newton’s law of gravitation (the second part, the inverse propor- 
tionahty of the force of attraction to the square of the distance, 
does not interest us here). 

We know by experience that the layman (and every student 
of physics) finds considerable difficulty in following these funda- 
mental conceptions, and the difficulty becomes very much greater 
when we attempt to get to the bottom of these concepts by a 
thorough analysis. This latter task is so comphcated, that we find 
even to-day, in innumerable text-books of physics, statements 
which are very doubtful, or even quite wrong, when seen from the 
point of view of such close and critical analysis. A number of 
these obscurities and circular arguments arise out of the fact that 
even the genius of Newton was not able to find, for his funda- 
mental definitions and laws, a mode of formulation free from 
objection in every respect - such a task is really beyond the power 
of one man. Unfortunately, his successors, instead of working to 
improve them, have taken his formiilation for granted, since it 
very soon became authoritative; indeed, they have even made it 
worse in some respects. 

We wiU first discuss the concept of force. Difficulties already 
arise from the fact that two systems of the measurement of force 
are actually in use in physics alongside one another, in many cases 
thus producing the appearance of two fundamentally different 
definitions of force. Here we are again brought to a standstill. 
Is any physical definition whatever anything other than a state- 
ment as to how a certain magnitude is to be measured ? Since 
we shall discuss this question more in detail later with reference 
to a more easily understood example (see page 223), we only refer 
to it here without further discussion. Likewise, we shall not go 
further into the two methods of measuring (? defining) force, which 
are used in physics, the so-called statical-technical and the so- 
called dynamic, scientific, or absolute, since this is more a ques- 
tion of pure physics, and as regards the theory of knowledge 
would only once more lead us to the problem already mentioned.®® 

But in another respect, the concept of force takes us right into 
the deepest problems of epistemology. It is obvious that it 
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stands in a direct relation to the concept of cause; many 
philosophers, indeed, regard it as the exact physical formulation 
of the latter; this is the view of Kant and most Kantians. For 
this very reason, other epistemologists of the empirical school, 
have believed that the concept of force has no permanent right 
to existence in a physics purified from metaphysical additions. In 
this connection the saying of Tylor is often quoted, that the con- 
cept of force is 'the last remnant of fetichism in modern physics.' 

It is undeniable that a certain anthropomorphic element is 
found in its origin, since, from the historical and psychological 
point of view, the concept of force is derived from the feeling of 
muscular exertion or power. The question is, however, whether 
the proof of such a psychological source can have anything to do 
with the justification or otherwise of the use of a concept of force 
purified from all anthropomorphism. The concept of force shares 
this fate with a large number of other physical concepts. We 
cannot deny the concept of light or sound the right of existence 
in physics, because they likewise are founded first of all on simple 
sense impressions. The hostility of positivism is also less directed 
towards such concepts generally, than towards the cx/icept of 
force in particular, since it is hoped that with it, the c t>ept of 
cause can also be eliminated from physics; for in it one of the 
objectionable metaphysical additions to physics is suspected. 
We shall shortly deal more fully with the problem of causality, 
but will for the present remain by the concept of force, behind 
which innumerable other problems are hidden. 

One of the most discussed questions of the classical epoch of 
philosophy (Descartes, Leibniz, etc.), is whether all forces which 
we distinguish in physics are not fundamentally of the same 
nature. We immediately recognise the analogy between this 
question and the corresponding one regarding substance (see 
above, page 2). In those days the chief subject of discussion 
was whether the single type of force thus assumed was a vis a 
ter go or a vis a f route (a push or a puU).^'^ The latter type is first 
plainly seen in the gravitation of Newton. The former was 
exemphfied in the processes of elastic and inelastic collision, the 
laws of which had been deduced at that time by Huygens. Des- 
cartes and many others insisted that only vis a tergo could really 
be conceived, and hence that all effects of physical forces must be 
finally referred to such push actions, as in the case of collision. 
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Seen from our present point of view, the discussion of such 
questions at that time appears to us altogether premature. We 
know for example that the force exerted by the steam in the 
cylinder of a steam engine upon the piston really results from 
the collisions of the molecules with the piston, whereas on the 
other hand, we have not the shadow of a reason for supposing 
anything similar to be the case with magnetic or electric attrac- 
tions. The concept of force is, like most physical concepts, to a 
certain extent provisional. It remains to be found what is really 
behind it, and until this has been done, it is of little use to indulge 
in premature and much too general discussion, which our present 
state of knowledge does not really allow of. We can, however, 
answer the question to a great extent to-day, but not completely; 
the reason for this will be clear to the reader at the end of the 
first part of this book. 

We may say already at this point, that the concept of force 
does not turn out to be a simple fundamental concept to which 
all others can be referred. It rather appears in the physics of 
to-day as a necessary derived concept, but one which does not 
always play the same part. There can therefore be no question 
any longer of its a priori validity. It can hardly be dispensed 
with in teaching, since it appears to the novice as simple on 
account of its direct relation to sense experience, although it is in 
reality no more simple than is white light, which also corresponds 
to one of the simplest sense impressions, but according to physics 
is a mixture of an infinite number of different wave motions. 

In this connection we may refer to a matter which is of importance for 
our later discussions. By acceleration we understand in physics, in the 
quite general sense discussed above, the increase in velocity in unit time. 
If we designate, as is usually done, increases of variable magnitudes by 
the symbol A, then the quotient Av/a^, is the expression for the 
amount of an acceleration, and the fundamental equation of mechanics 
given above may then be written 

F = m Lv/M, 

If now we multiply both sides by the time interval A/, we get 

Fa^ — m Lv 

which equation states that the product of force and time during which it 
acts is equal to the product of the mass of the body set in motion and the 
increase in its velocity. This form of the equation is called the law of 
impulse, since the product of the left side (FAf) is described as the impulse 
of the force. On the other hand, the product of mass and velocity (w v) 
is called in physics momentum, and hence the law of impulse states that 
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'the impulse of a force is equal to the increase in the momentum of the 
body moved/ (For this reason the product w v is also often, somewhat 
inexactly, called the impulse.) 

It is noteworthy that Newton gave the fundamental equation this 
second form, and it was only later that the form usual in text-books used 
to-day was adopted: 'Force is equal to mass times acceleration.' Newton 
actually exhibited an almost clairvoyant prescience, since the concept of 
impulse must actually be regarded as the primary concept, and the con- 
cept of force as one derived from it; the law of impulse remains in the new 
form of mechanics required by the theory of relativity, whereas the first 
form becomes useless. Only the change in momentum in the impulse 
law must then be written, A (m v) since mass can no longer be regarded as 
constant. The true fundamental equation of mechanics is therefore 

Fa^ = A (m v) 

We shall return to this several times later on. 


We will now turn to the concept of mass and its problems. 
Here the effect of the imperfections in Newton^s statement have 
been particularly fatal, and a whole series of obscurities, circular 
arguments, and fallacies with regard to this point disfigure books 
on physics, particularly those of an elementary character. New- 
ton's definition of mass is not the one of ‘inertial resistance' given 
above, which, as a result of Mach's sharp criticism, has displaced 
Newton's fairly completely.^® Newton called this magnitude 
quantitas materiae (quantity of matter) and defined it as: mensura 
eiusdem, orta ex illius densitate et magnitudine coniunctim. But 
since the density {densitas) cannot be defined in any other way 
than as the quotient of mass by volume (mass per unit volume) 
a most beautiful circle is the result, unless we assume that Newton 
meant something else by the term density. 

We can only guess what that may have been. We must 
remember that in his time the fundamental concepts of present- 
day chemistry (see above) had just been set up by his country- 
man Boyle, but that Newton himself in all probability still 
adhered to the old Aristotehan assumption of a single matter, 
which only assumed different forms in different substances. 
Density might then, in principle at least, be defined by the number 
of the particles of this single matter in a given volume. In actual 
fact, such a definition might, in principle, be made use of to-day, 
and we might even say that it is the only really correct one. We 
might formulate Newton's fundamental law of mechanics to-day 
by the statement that the acceleration is inversely proportional 
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to the number of protons (hydrogen nuclei, see page 133) contained 
in the body in question. 

But even to-day, this could only be practically determined by 
a measurement of the weight, or of the inertia proportional to it, 
and in Newton's time this insight into the true unit of matter 
naturally lay in the far distance. Thus Mach's sharp criticism 
necessarily appeared justified, although even from another point 
of view, the concept of the quantity of matter is by no means so 
vague and useless as Mach represented it to be.*® In view of a 
discussion which we shall enter into later on, we must deal with 
this fundamental point now. We hope that the reader will not 
find it wearisome to direct attention to a matter which appears 
somewhat abstract and unimportant. But if he finds it too tire- 
some, he may omit the next paragraph. 

According to Mach, the scientific concept of mass depends exclusively 
upon the experience, that the relationship between the acceleration pro- 
duced in two bodies I and II under the same external conditions is found 
to be independent of these circumstances (that is the forces acting). By 
reference to pre-scientific but unclear notions, the reciprocal value of the 
relationship is given the new name of the relative mass of the two 

bodies; and by then introducing an arbitrary body (in practice icc. of 
water) as a standard of mass, we get for every other body a number wliich 
gives its mass. This formation of a new concept only arises from the 
constancy determined by experience of this relationship; it gets a particular 
name, since it turns out to be particularly important. Now this is a quite 
characteristic example of that method of definition in physics, which I 
have described in another connection^® as the ‘formalistic* and have 
contrasted with another, the ‘realistic.* 

In general, the formalistic method consists in giving certain constant 
values, which occur in the relations determined (equations), a special 
name, and thus raising them to the level of scientific concepts. Thus for 
example the product of force and distance which plays a large part in the 
consideration of simple machines in mechanics is given the name ‘work* 
and precisely the same is true in the case of the concepts resistance, 
capacity, etc., in electricity. But as has already been said elsewhere, tliis 
formalistic method is not the only one possible; in other cases the reahstic 
method is of equal value, or even the only natural one. We will prove 
this to be the case as regards the concept of mass. 

According to Mach, Newton*s law that acceleration is inversely pro- 
portional to quantity of matter has not the importance of a true synthetic 
judgment a posteriori (judgment of experience) which it claims to be, but 
really contains, in a hidden form, a definition of the concept of mass (only, 
however, on the basis of the above mentioned experience of the constancy 
of the acceleration ratio). But it is easy to show that Newton*s law 
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nevertheless has a useful meaning, even when taken as a law of experience. 
For if for example in using Atwood's machine or a similar apparatus, we 
simply add to the body to be set in motion another body of any shape and 
size whatever, we can obviously describe this as an ‘increase in the quantity 
of matter' without otherwise in any way stating how this quantity 
of matter is to be measured. In any case it is certain that there is 
more matter there, but experience then shows that the acceleration 
is now smaller, and tliis is therefore not a definition, but a true synthetic 
judgment. 

But the experiment yields even more, namely, the quantitative inverse 
proportionality between acceleration and quantity of matter, as long as 
we limit ourselves to bodies of the same material, when we naturally take 
the volume as a measure of the quantity of matter. For doubling the 
volume does actually result in halving the resulting acceleration. In so 
far, Newton’s law therefore has a perfectly intelligible meaning without 
any new condition or convention. Only when we now go on to deal with 
two bodies of different material do we need a new definition, but this also 
is by no means necessarily based on the constancy of the acceleration 
relationship, but can be made practically to depend upon another ex- 
perience, likewise prescicntific, namely that the weight, that is the at- 
traction of the earth, is directly proportional to the volume of a body (as 
long as the material of which it is made remains the same). By reason of 
this generally known fact, it is a matter of everyday practice to replace the 
inconvenience of the measurement of volume, which would really represent 
‘quantity of matter' by the much more convenient measurement of weight. 
When the housewife buys a pound of cheese or butter, she obviously wants 
neither the inertia nor the gravitation of these bodies, but simply a definite 
amount of them, and measures it by means of the weights. 

In this way it became the custom, long before the existence of physics 
as a science, to regard weight, as measuring quantity of matter. And 
when our experience with Atwood's machine shows that acceleration is 
inversely proportional to weight in the case of two bodies of different 
material, the layman usually sees nothing remarkable about this, since 
it has already been shown in the case of two bodies of the same material, 
that tins acceleration was inversely proportional to quantity of matter. 
For weight and quantity of matter are for him, without any question, 
identical notions. But for an exact scientific treatment, an unfilled gap 
obviously still remains, which however, as is now clearly recognised, can 
be filled in very different ways. It is not in the least necessary to go back 
to Mach’s formahstic definition. 

On the contrary, we might just as well state by definition, in a way 
which would be much closer to common sense, that two ‘quantities of 
matter’ are to be regarded as equal when they are of equal weight. Where- 
upon experience would give Newton's law, which so regarded, naturally 
says nothing more than that inertia and gravitation are proportional. 
That both of these are again proportional to the volume in the case of the 
same substance, is another matter. 
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We shall return again to the question of the formation of 
physical concepts in another connection, and we shall then see 
how far the possibility, here apparently opened up, of reaching 
their formation by quite different routes, finally holds good. 
Here we are only describing shortly the problems connected with 
the concept of mass, which has played an historically important 
part in the development of physical knowledge, and we must now 
consider some other problems which are at the back of the tradi- 
tional concept of mass. 

It has already been mentioned in the introduction that 
philosophy, from the earliest times, has set up the concept of 
substance as a permanent substratum of phenomena, the latter 
consisting in a change in its states (accidents ; see above, page 2). 
Now the great discoveries of classical mechanics permitted this 
general notion to be formulated much more precisely. When it 
was seen how the law of gravitation and the simple principles of 
mechanics allowed all celestial phenomena then accessible to 
exact observation, to be deduced, when at the same time a 
large number of other mechanical processes were mastered by 
this system of concepts, it was only natural to believe that the 
key to all natural phenomena had been found. The idea arose, 
that the world was a vast system of mass points, that is, points endowed 
with inertia but with no other property, between which attractive or 
repulsive forces of quite definite values were to be assumed, and thus 
it must be possible in principle to reduce the whole explanation 
of the universe to the differential equations of mechanics. 

The grandest and clearest expression of this purely mechanical 
world-picture is found in Laplace's fiction of a World Spirit - 
later used by Dubois-Reymond as the foundation of his ‘Riddle of 
the Universe' - who knew at a given moment the position of every 
mass point in the universe, together with its momentary velocity, 
and was further in possession of an enormous system of differential 
equations, according to which the velocities were connected with 
the accelerations. This spirit would, so Laplace concluded, be in 
a position to calculate all events in the past, present and future 
with an accuracy greater because absolute, than that with which 
the astronomer is able to calculate eclipses or positions of the 
planets for thousands of years forwards or backwards. 

Here we have the sum total of all mass points regarded as 
completely unalterable; they simply change their positions and 
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motions relatively to one another, and in this way scientific 
philosophy arrives at the law of the unalterability of all mass. 
Mechanical mass thus appeared to be the strictly mathematical 
concept which was to replace the indefinite concept of substance 
or matter, and the law of the conservation of mass' coincided 
with the ancient law which maintained the invariability of the 
total amount of all substance in the universe. 

Now it is actually the case that, not only in all physical pro- 
cesses, but even in chemical processes (as Lavoisier was the first 
to show by exact experiment), the sum of the weights of all sub- 
stances taking part is unchanged; and since weight and inertia 
are proportional, it is actually true that in all processes hitherto 
considered, the sum of all masses remains constant. If to this 
we add the general habit of regarding weight as representing 
quantity of matter, we can see clearly why, until very recently, 
weight and mass were regarded as identical with quantity of 
matter, although the later term as applied to two different sub- 
stances (for example iron and copper) is purely a matter of con- 
vention. It is of fundamental importance for our insight into 
more recent developments, to realise quite clearly that the experi- 
ments of Lavoisier and others finally proved nothing more than 
that, whilst in all physical and chemical processes hitherto 
investigated many other properties of bodies change, inertia and 
gravitation do not; or in other words, that these as far as we have 
hitherto followed up the matter, are always determined simply 
by addition of the parts (are additive constants, as we say). 

But naturally this in no way proves that the same must be true 
for all natural processes. Inertia and gravitation are properties 
of bodies like any others, and why should there not be processes 
of a deeper nature than chemical processes, which finally result 
in a change even in these properties ? If there really be such a 
thing as a general law of conservation (see below), it still 
would not necessarily imply absolutely the conservation of just 
these two properties. It is true that matters only appear thus 
from our present-day, more comprehensive, point of view. As 
long as it was believed possible to reduce the whole of physics to 
the movement of mass points, or in other words as long as the 
mechanical picture of the universe held good, mass was the 
simple and evident measure of substance.^* 

Two aspects of this mechanistic world-picture of classical 
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physics may receive especial emphasis. In the first place, it is 
materialistic, inasmuch as the mass points have ascribed to them, 
once and for all, a fixed property (inertia), and are thus made 
‘rigid lumps of reality,’ which afterwards can hardly be got rid 
of again. It is not a matter of chance that the first great historical 
advance of materialism in recent times (de la Mettrie, Holbach) 
was directly based on this world picture. Secondly, it must be 
noted that this world picture is strictly deterministic, resting upon 
the assumption of inevitable and unambiguous causahty of all 
physical events, and thus finally, as it appears, of aU events in 
nature. This latter point brings us to the problem which we 
must now consider at greater length though we shall only be able 
to deal with it finally later, the problem of causality. 


Fs 



V 

THE PROBLEM OF CAUSALITY 

This is one of the most debated problems of the philosophy of 
science; we may even assert that, at least so far, it has been 
regarded as the chief problem of aU.*® The general opinion is, 
that science means the same thing as the investigation of causes. 
In other words, science is not only to find out the what and how 
of phenomena, but above all the why, and it has already been said 
that, in this sense, the concept of force has been regarded as the 
physical formulation of the concept of cause. In the example 
discussed above of the cause of the motion of the planets in gravi- 
tation, the force of gravity discovered by Newton is thus usually 
regarded as the cause of the continual deviation of the paths of 
the planets from the straight path. In this connection, many 
philosophers have also identified the law of conservation of energy 
with the demand for complete causal connection in phenomena. 

While all this was regarded by scientific philosophers of the 
materiahstic school in the sense of objective discovery concerning 
the nature of the world, these same laws were taken by apriorists 
of the Kantian school as categorical principles of form, which the 
intellect prescribes to nature, that is to say with which it 
approaches the mass, in itself formless, of sense impressions, 
and thus ‘makes possible’ experience (in the sense of ‘ordered 
knowledge’: Kant). 

But on the other side eilso, the fear of every kind of speculation, 
characteristic of modem positivist epistemologists, has resulted 
in an unconquerable mistrast not only of the concept of force, but 
also of the concept of causality which is at the base of it; many, 
such as Mach, Verwom, and Pearson, have proposed to remove 
this concept entirely from physics, and indeed from the whole 
of science. If with Mach, we describe the simplest data of sense, 
such as colours, tones, etc. (Mach also adds spaces and times, 
desires, and other things) as ‘elements’ which are here taken in 
the psychological sense) the content of so-called causal judgments 
is exhausted, according to Mach and Verwom, by certain func- 
tional relationships between these elements. ‘The laws of nature 
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are equations between the measureable elements, a, 13 , y ... X, fi, 
V ... of phenomena. 'If we are in possession of all the values 
of a, y8, y . . , by which the values of A,, v . . . are given, then 
we can call the group o, / 3 , y . , . the cause, the group k, ih v . . . 
the effect’ (Mach, Mechanics, fourth edition, page 536). 

But according to Verwom, it is much more correct to make no 
further use of these deceptive expressions, but to speak only of 
the conditions of a certain phenomenon (conditionalism). These 
suggestions have found much favour among physicists. The 
more mathematical physics becomes, the more appropriate it 
appears to physicists to regard the mathematical function concept 
as the real essential also of physical causality. We must now 
look into this matter more closely. 

It is first of all necessary to be clear as to what is really meant 
by the usual expression ‘causal relationship.’ A little considera- 
tion shows us that this is by no means always the same, and that 
for this reason alone the whole problem is therefore from the 
start not a single problem. Hence it is wrong to regard what 
has been settled by the examination of one, or several similar 
examples, straight away as the whole solution of the problem of 
causality. The commonest concept of causality is found in such 
sentences as the following; the shot through the heart was the 
cause of death; the treatment of this meadow with ammonium 
sulphate is the cause of the improved yield of grass. Such causal 
judgments eis these are already made by children and savages 
and even by animals, though not in words. The general nature 
of such causal judgments consists in the fact, that we bring a 
certain complex of phenomena B into a peculiar inner relation- 
ship with a complex A, which preceded the other in time. We 
are convinced that B would not have occurred without the 
previous A, but that conversely when once A has happened, B 
had to happen, since like things happen in like circumstances. 

In a second kind of causal judgments, this succession in time 
is missing, as for example in the judgments: the heat in the boiler 
is the cause of the pressure; or: the current in this wire is the 
cause of the magnetic field that we observe. Here cause and 
effect are present simultaneously. Nevertheless - and this is of 
fundamental importance for what follows - the relationship 
between the two retains its direction. Cause and effect are, here 
also, not interchangeable; it is obviously absurd to describe the 
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pressure in the boiler as the cause of the high temperature. In 
the same way, no one ever thinks as a rule that the magnetic 
field could be described as the cause of the current. While in the 
former case we have a succession according to law, in the latter 
case we have a co-existence, also determined by law, but directed 
in a certain sense, of certain phenomena or groups of phenomena. 

A third kind of causal judgments is found in such sentences as 
the statement that the cause of the splitting of the heredity 
factors is to be sought in the processes affecting the chromosomes 
in the so-called reduction division, or the cause of the thimder 
storm in certain phenomena of atmospheric electricity. Here we 
obviously intend to express by these sentences what is really at 
the back of the phenomena in question, in what they really 
consist. 

A fourth kind of causal judgments is reached in the following 
way; the investigator of heredity, let us say, shows that the highly 
gifted geniuses of a country are related to one another on the 
average in a much higher degree than other pairs of people in the 
same country. He concludes from this that talent is mainly 
determined or caused by inheritance and everyone accustomed to 
scientific thinking will agree with this, if this accumulation of 
relationship between the talented cannot be explained in other 
ways. In the same way, the meteorologist shows that certain 
meteorological phenomena change periodically with the number 
of sunspots, which shows maxima and minima at periods of about 
eleven years. He concludes from this that there must be a 
‘causal connection’ between the two, although at present we are 
not able to understand its nature. There are whole branches of 
science which are mainly dependent upon such statistical methods, 
for example, the investigation of human heredity. In all these 
cases it is a matter of determining whether the ‘coefficient of 
correlation’ between two or more phenomena is greater than is to 
be expected from general probability. If this is the case, a 'causal 
connection’ between the phenomena in question is probable. 
This, however, does not necessarily mean that A is the cause of 
B, but it will generally be the case that both are effects of one and 
the same complex C. 

At this point we will not go further into other distinctions 
between causal judgments. They are naturally indispensable 
for a more complete theory of causality.^® For example, we 
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have the distinction between so called 'effective causes/ and 
'occasional causes* (the first, for example, in the case of an electric 
bell is the current, the second is the pressure on the button). If 
we now summarise what has been said, we reach the following 
result: Causal judgments are always statements concerning the 
co-existence or succession of phenomena or groups of phenomena 
which are regarded, not as matter of chance but of necessity 
(either determined by law, or at least regular); whereby either 
the one. A, is described as the cause, the other, B, as the effect, 

or several A*s (Aj, Aj ) are described as the causes of 

the effect B, or both A and B are regarded as effects of the 
same third complex C (C^, C2 ). In both cases the direc- 

tion, cause - effect, is not reversible. A theory of causality must 
of necessity fulfil these two main conditions, firstly that of 
necessity, and secondly that of direction. Now there are almost 
as many theories of causality as there are philosophical systems, 
and a complete discussion of them would require a whole book. 
We are therefore obliged to confine ourselves to the most 
important, and will regard as such the two most widely accepted, 
namely Kantian apriorism, and Mach-Verwomian conditionalism 
(functional). 

According to Kant and the great majority of later epistemolo- 
gists, the invariable direction of the causal relationship depends 
upon the direction of time. The statement of this point in 
Kant's Critique of Pure Reason runs as follows: 'Everything that 
happens (comes into being), presumes something upon which it 
follows according to a rule. * Kant further interprets this sentence 
as follows: 'The reason transfers the order of time to phenomena 
and their existence, by ascribing to each of them a position in 
time determined a priori with regard to preceding phenomena. 

. . . The determination of the position cannot be made from the 
relation of phenomena to absolute time (since this is not an object 
of experience), but conversely, the phenomena must determine 
one another's position in time, and make this necessary in the 
time order. . . . Hence the law of sufficient cause is the foundation 
of possible experience, namely the objective knowledge of 
phenomena with reference to the relationship of the same in tem- 
poral succession {Critique of Pure Reason, Muller's Translation, 
Part II, pages 166, 175). 

According to Kant therefore, causality is a 'category,' a form 
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in which our reason orders the mass of phenomena 'with regard 
to their temporal succession/ The direction of time is then 
natinrally also that of the causal relationship. The relationship of 
succession thus becomes a relationship of dependence, but Kant 
is at pains to show in his discussion, why, as opposed to Hume’s 
purely empirical theory (post hoc, ergo propter hoc), the two are 
nevertheless not fundamentally one and the same. Here we 
need only consider the point we have quoted, but since in the 
case of causal judgments of the second kind mentioned above 
time obviously plays no part, Kant is compelled to introduce a 
further new category, that of 'interaction,’ which he relates to 
spatial proximity in the same way as true causality is related to 
temporal succession. This is a decided weakness in his theory, 
for we have no direct sense whatever of any essential difference 
between causal judgments of the first and second kind, while here 
an explanation of direction fails, since no directional sense can 
be deduced from spatial co-existence.^^ 

As however Kant’s doctrine has also been adopted by many 
philosophers of other schools, among these the advocates of 
'critical realism,’ such as Ed. von Hartmann and Erich Becher, 
some of them have attempted to fill the gap mentioned. Accord- 
ing to Becher, the sense of direction is actually produced in the 
case of heat-pressure, or current-magnetic field, by the fact 
that we imagine, at least in thought, the processes leading to the 
cause A as having already concluded or being in process of con- 
clusion, when the process B, the effect, begins. 'Causality is a 
connection between two objects of reality (processes, states, 
situations), in which a stage of production of the one object (the 
cause) precedes the appearance of the second object (the effect), 
although the object which first comes into existence immediately 
brings the second into existence by law as soon as it is itself ready.’ 

He also points out in this connection that, for example, in the 
production of heat by the electric current (Joule’s law), the move- 
ment of the electrons in the wire, which is the current, actually 
precedes in time the molecular movement, constituting heat, 
which it causes. Only, it is a pity that we have only known this 
for the last thirty years, whereas the causal relationship current- 
heat, had direction ascribed to it long before. On the other 
hand, the best will in the world does not allow a temporal direc- 
tion to be ascribed in this way to the causal relationship between 
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current and magnetic field, since both are always present together 
or not. It thus appears to me that the problem of the direction 
of causality cannot be solved in this way. 

Matters are still worse in the case of the positivistic resolution, 
described above, of the causal relationship, into two simple func- 
tional connections. It is a necessary property of all mathematical 
relationships that they are reversible. The equation y = x a 
and the equation x -a are mathematically completely 
equivalent. The physical formulae which give, say, the connec- 
tion between temperature and pressure in the steam boiler or that 
of current strength and magnetic field, are hkewise mathematically 
reversible. But this will lead no one to regard the logical 
relationship of the concepts as also reversible without further 
question. In both cases, only the equations p = F (T), and H 
(magnetic field) = / (7) have a causal sense. The reversed 
equation T ^ p (p) and I = 4> (H) (tangent galvanometer) have 
quite a different meaning, namely, that we can deduce from the 
observed magnitude of p, or H, the magnitude of T or 7: in other 
words, we can measure the latter by means of the former. In this 
sense, the manometer on a steam boiler can actually be used to 
measure the temperature, but no one will assert that the pressure 
which it indicates is the cause of the temperature we determine. 

The positivistic explanation affords no indication whatever 
of the complete logical difference between the two forms of the 
functional connection. It is true that Mach has made an attempt 
to answer this question. He thinks {Mechanics, page 513) that 
the causal relationship is only a provisional way of regarding 
phenomena. As soon as we are accustomed to the connection 
of the elements in question, we always immediately regard them 
as belonging together, and no longer speak of cause and effect. 
'Heat is the cause of the pressure of steam. When this relation- 
ship has become familiar to us, we always imagine the steam as 
having the pressure which belongs to its temperature. The acid 
is the cause of htmus turning red. But later this turning litmus 
red is regarded as a property of acids.’ This obviously contains 
the view that the directional sense of causal judgment is that from 
the Jready known to the unknown. We already know that 
the substance in question tastes acid. We then learn that it 
also turns litmus red, and hence we call the acid the cause and 
the reddening the effect. 
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In the same way we should have to explain the directional 
sense of current-magnetic field as follows; When Oersted, in 1820, 
made the fundamental experiment, he already knew that in his 
arrangement of metals, liquids, wires, etc., that process was 
taking place which we call electric current. But he knew nothing 
of the magnetic field, and for this reason the latter was called the 
effect and the former the cause. 

This explanation is so plausible that in earher editions of this 
book I followed it to a considerable extent. But I have since 
convinced myself that there must be an error in it. For one only 
needs to consider the following question: How would it be if the 
historical course of events had by chance been reversed ? If long 
before Galvani and Volta, it had already been noticed that in the 
neighbourhood of certain arrangements of metals, liquids, wires, 
etc., a magnetic field is present? Should we then, when the 
simultaneous electric phenomenon, the current, had afterwards 
been discovered, have regarded the latter as the effect of the 
existing magnetism ? The above positivist explanation requires 
this question to be answered in the affirmative. 

But the actual course of physical research raises a serious doubt 
as to whether this is the case. For there are enough cases of this 
kind, in which the conclusion has by no means been drawn that 
what is already known is the cause of what has been newly dis- 
covered: on the contrary, the newly discovered has been regarded 
with instinctive certainty as the cause of what is already known. 
Thus for example, the cause of radio-active radiations was recog- 
nised in the decomposition of the atom, which was discovered 
later. Both cases are equally common, and hence it is not pos- 
sible to assert that if history had taken the course in question, 
the current would not have been regarded as the cause of the 
magnetic field, but the magnetic field as the cause of the current. 

It would be worth while to take this course in teaching physics 
by way of experiment, and see what conclusion the pupils would 
draw. I would almost be ready to wager that they would im- 
mediately come upon the idea of seeking the cause of the magnetic 
field in that mysterious something, which makes known its 
presence in the wire in so many different phenomena. But if 
this is true, then the psychological and historical explanation of 
the sense of direction fails, and we are obliged to admit that what 
we describe as cause and what as effect is settled by the nature of 
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the matter itself and not the chance history of discoveries. We 
are thus again confronted with the question as to the real essence 
of direction in the causal relationship. 

It appears to me that the solution is to be found in the state- 
ment by Mach which we have given above, only we must think 
it out correctly. ‘If we are in possession of aU the values of a, 
/?, 7 . . . by which the values of X, ft, v . . . are given, we can call 
the group / 9 , 7 . . . the cause, the group X, fi, v, . . . the effect.' 
We only need to lay the emphasis upon the words ‘are in posses- 
sion of’ and to recognise clearly that this does not mean stating 
mentally the values in question in the sense of the mathematician, 
but that they are already laid down by the whole of the circum- 
stances necessary for realisation of the case in question. The 
rise in temperature in the steam boiler is given by the whole of 
the manipulations which lead to it, even when we leave the steam 
valve open so that no excess of pressure can result. But if we 
also assume its closing as a necessary condition, then the excess 
pressure is produced; it is then formed with the same necessity 
as that with which a certain conclusion follows from certain 
premises. The sense of direction depends upon this logical 
relationship and not upon a succession in time. The logical 
‘prius’ is here the whole complex of those circumstances which 
we describe as the cause, and the logical ‘posterius,’ the conclusion, 
is the effect. 

The clearest case is seen in a causal relationship mentioned by 
him in chapter 3, in which the pressure exerted by a stone upon 
its support, is regarded as caused by the gravitation of the earth, 
or also in the reference of the planetary motions to the same force. 
The latter in this case is regarded as the cause of the effects in 
question, because it forms the object of a general law, from which 
the particular cases can be deduced as logical consequences. Let 
me be quite clear: I am naturally not maintaining that cause and 
effect are identical with reason and consequence,*® though they 
are often used interchangeably in every day language. Cause 
and effect are concepts which relate to real things and their 
relationships (at least it is in this sense that we are at present 
usin^ them, whether correctly or incorrectly is a further question 
that cannot be discussed here); reason and consequence, on the 
other hand, are concepts which relate to a logical relationship 
between judgments. 
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I maintain, however, that the former two concepts are at the 
last resort to be referred back to the two latter, and in particular, 
that the directional sense of the causal relationship A— ^ B always 
depends fundamentally upon the fact that, upon the determina- 
tion of A (in the logical sense) and upon general laws already 
settled for other reasons, the simultaneous determination of B 
follows logically. If we assume universal gravitation between all 
bodies as existing, and make use besides of the general funda- 
mental laws of mechanics, it follows that the elliptical form of the 
planetary orbits is a logical necessity. For this reason and only 
for this reason, is gravitation called the cause, and the elliptical 
form the effect. 

Also, it is by no means always necessary here that the deduc- 
tion in question should be really possible. It need only be 
imagined as possible. In the case of the steam boiler, for example, 
we can only carry out the deduction very approximately, since 
the kinetic theory of heat has not yet been able to give a satis- 
factory solution of the saturation curve, but in spite of this defect 
in the theory we are fully convinced that such a logical connec- 
tion exists, since without any doubt both heat and pressure are 
only different sides of one and the same thing, namely molecular 
motion. Indeed, it is not a causal explanation in the sense of 
physics, if when asked why the pressure increases in the boiler I 
simply answer: because the temperature rises. A real explana- 
tion, an answer to the question as to how the thing happens, is 
only obtained when the further question can be answered: why, 
when the temperature rises does the pressure also increase ? 
This question is answered by the kinetic theory of heat, though 
not quite completely, but even if that theory did not exist at 
present, we should still be convinced that such a connection is 
logically necessary for some reason or another, and it is in this, 
and not in anything else, that the 'causal connection* required by 
science actually consists. 

We have now only to inquire as to the explanation of the fact 
that a reference to order in time has repeatedly been brought into 
the causal problem by philosophy, and still is, even to-day. 
The answer is not difficult. It arises from the fact that in far the 
greater number of cases, and just in those of greatest practical 
importance, the general laws which enter into the question are 
of the kind which appear to connect the momentary values of 
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certain magnitudes with their changes with respect to time, a 
point mostly clearly recognised with regard to the fundamental 
laws of mechanics. It is in this way that time actually comes 
into the content of almost all, or at least of the most important 
and frequent, causal judgments, and this has led to the error of 
including it in the form, the structure, of the causal relationship 
itself, instead of in its content. 

By far the most important for us are those causal judgments 
which allow us to predict in advance a certain course of events; 
much less frequently do we need those which allow us to conclude 
from a state of affairs at one point or another, what is happening 
simultaneously elsewhere. But in principle, these two cases of 
'dynamic' and 'static' causality, as we might call them, have no 
priority one over the other. The essential feature, the conclusion 
from a determined A to a co-determined B, is in both cases 
exactly the same, only that in one case time occurs among the 
necessary variables, and not in the other case. In the first case 
the direction of the causal relationship coincides with that of 
time; whereby, it is true, the further question immediately arises 
as to how time itself gets its direction. The 'Laws of Nature' 
allow us, as is particularly clearly seen in astronomy, to calculate 
the course of events backwards just as easily as forwards. Hence 
it is obviously necessary to find some other principle, if the invari- 
able direction of time is itself to be understood. We shall return 
to this question in another connection (page 154). In the opinion 
of the writer, a really satisfactory answer to this question cannot 
yet be given. The little that we can say with regard to it to-day, 
requires us to take account of matters which will be discussed 
later. The same is true of the further question as to how far 
nature can really be captured by laws of the form here considered, 
namely of differential equations capable of unambiguous integra- 
tion. Just this, which, to classical epistemology (Kant), was the 
self-evident foundation of all science has become to-day a problem, 
as we shall see later. But it is useless to go further into this 
matter until we have examined the new knowledge itself which 
has led to a new problem. 

Wt therefore will now lay aside the discussion of the problem 
of causality for the present and turn again to physics, continuing 
our statement of the fundamental concepts of mechanics. 



VI 


THE ENERGY LAW AND THE DIVISIONS 
OF PHYSICS 

What we call to-day the classical or mechanical world-picture, 
shortly sketched in the last chapter (it found its most exact expres- 
sion in Laplace*s fiction), was without doubt a bold attempt to 
formulate a unity, which at that time was not even approximately 
comprehended. No one could, at the time of Laplace and Kant, 
have given any kind of exact idea as to how optical, or the few 
known magnetic and electric phenomena, were really to be 
brought under the common general concept of the 'motions of 
mass points under the influence of forces.' This was postulated 
because people were convinced that a science (mechanics) which 
had shown itself to be so fertile in explaining celestial phenomena, 
would be capable of still further achievement, and finally com- 
prehend all natural phenomena. Kant's theory of knowledge is, 
when seen from this point of view, finally nothing but the attempt 
to give this conviction, held by scientists themselves more for 
instinctive reasons, a clear expression and a general philosophical 
foundation. The concepts of mass and force appear, as already 
indicated in the beginning, in this view only as the two categories 
of substance and causality transformed into measurable physical 
concepts. If these two were really only a priori forms of thought, 
it was of course not remarkable that the whole of science had 
finally to do only with the motion of mass points under the in- 
fluence of forces. 

But in reality, direct physical experience presents, as is 
generally known, a much more complicated picture. If we 
describe the various forms in which natural events confront us, 
for example the fall of raindrops, lightning, thunder, the rainbow, 
etc., as manifestations of various 'forces of nature,' this amounts 
at first to not much more than giving them a common name. 
For each of them appears in itself, for the moment, as something 
quite different qualitatively from all the others. And we do not 
need to seek far for the origin of these qualitative differences 

y6 



ENERGY LAW AND DIVISIONS OF PHYSICS 77 

between heat, light, sound, etc. They are obviously only 
the differences, unconsciously projected into the outer world, 
between our various sense impressions (Locke's 'secondary 
qualities'). 

But at this point, epistemological reflection commences. The 
rays of the sun, for example, produce on the hand the sensation 
of heat, in the eye, the sensation of light. Now do they there- 
fore contain two 'forces of nature,' or does one and the same 
cause, operating upon two different sense organs, or through them 
upon two different parts of the brain, excite different impressions ? 
This example shows us how difficult it has been, even for scientific 
physical investigation, to get completely free from 'naive realism.' 
For only in our time has the conviction become general that the 
second answer alone is correct, and that the sun's radiation is of 
one kind only, the difference first occurring in the body or the 
mind. We have no other means of deciding these questions, 
than the activity of the reason in combining, analysing and 
comparing. 

All physics commences therefore, not only historically, but 
even to-day as regards teaching, with a separate investigation 
of all these single departments. The usual division of physics 
into mechanics, sound, light, heat, electricity, and magnetism, 
is generally known. The second stage of knowledge then consists 
in finding the threads which connect the various divisions. In 
reality, these are all connected together, since there is no such 
thing as a purely mechanical, purely thermal, purely electrical 
process. But these connections can only be clearly recognised, 
when the single division itself has been cleared up as far as pos- 
sible. This investigation is at first mainly concerned with setting 
up quantitative measures of the phenomena to be dealt with. 
Extraordinarily instructive examples of this are given by the 
development of the measurement of temperature, and of electrical 
magnitudes. We may here devote a few words to the first of 
these, which will also be useful in a later connection.^® 

Direct observation by the senses gives us a continuous succession in the 
diffenM^ce between 'hotter* and 'colder.' But more exact observation very 
soon leads us to find cases in which this simplest thermometer, our skin, 
misleads us. Thus we can find lukewarm water to be cold, if we previously 
dip the hand in hot water. (We will not go further here into the idea of 
the deception of our senses, which thus arises.) In order to reach a more 
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trustworthy measurement of temperature we use a principle which rules 
the whole of measurement in physics, that of placing side by side two 
series of changes. We find, namely, that the change of temperature first 
of all observed by means of the nerves of our skin, is accompanied by 
simultaneous changes in innumerable other properties of the body in 
question, among others, its volume. We choose one of these properties, the 
most easily and exactly measureable, as a measure of the temperature. 
Here we cannot proceed without taking certain arbitrary steps. In 
ordinary thermometry, it is in the first place arbitrary to choose the 
volume of a body as a measure of the temperature. Secondly, the choice 
of the body itself (the thermometric substance) is arbitrary. Thirdly, we 
are free to choose in what way, that is according to what mathematical 
laws, we are to connect the magnitude to be determined, the temperature 
t, with the volume measured, v. It is by no means a matter of course that 
this should be a linear law (direct proportionality between the changes 
in i and v), as is generally assumed as self-evident in the case of the mercury 
thermometer. 

In the further development of thermometry, hydrogen or helium has 
been finally chosen as the thermometric substance, and it is further 
advantageous not to measure the volume of the gas at a constant pressure, 
but conversely the pressure of the same at constant volume, and to use 
this as the measure of the temperature. On these assumptions, Amon ton's 
law then holds: The pressure in any gas rises or falls on heating or cooling 
between two fixed temperatures to the same extent for all gases, rising 
between the freezing and boiling points of water by 100/273 of its value 
at the freezing point. If this range of temperature is divided, as is usual, 
into 100 equal parts, so that each part represents an increase in pressure of 
I /273, tliis scale agrees very closely with the ordinary centigrade scale; 
that is to say, the increase in volume of mercury is nearly proportional to 
the increase in pressure of a gas. 

If we imagine this scale continued downwards in the same way, the 
pressure of the gas would become zero at 273°C. below the freezing point. 
This (purely imaginary) point of temperature is called 'absolute zero,' and 
the temperature measured from it is called the 'absolute temperature' 
(T = / + 273). In reality this is a fiction, if only for the reason that all 
gases are already liquid above this temperature, and also that the simple 
law of pressure no longer holds as we approach the point of liquefaction. 
Nemst’s so called Heat Theorem tells us that absolute zero is 
unattainable. Hence it has recently been proposed to connect pressure 
with temperature in a different manner,^® in such a way, namely, that at 
absolute zero we have the temperature - co °. The temperature scale 
itself then includes the fact that this point can only be reached 
'asymptotically.' 

A further arbitrary matter is the choice of the size of a degree. If it is 
desired to find for this a 'natural scale,' that is to say one directly con- 
nected with other physical measurements, it would be necessary to go 
back to the transformation of heat into work which we are about to 
discuss. This would then take us away from the science of heat strictly 
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so called, and bring us into other matters, and the same would be true if 
we should enter into the question as to what the absolute zero really is. 

The problems of the theory of knowledge lying behind this 
theory of measurement will be dealt with later on; we must first 
add a few words here concerning what is called calorimetry, or 
the measurement of quantity of heat. 

The concept of quantity of heat results in physics from something like 
the following considerations and experimental results. The conduction 
of heat between two equally warm bodies, the process by which their 
temperature becomes equal, produces a strong impression that something 
passes from the hot body to the cold body. Hence it is said also in daily 
life that, for instance, the heat of a hot oven passes into a vessel set upon it. 
Upon this follows easily the quantitative notion that the amount passing 
is the same in equal times for equal temperature of the oven, and when we 
observe that it takes a large quantity of water longer than a small quantity 
to reach the same temperature on the same oven, we are immediately led 
to the notion that a greater quantity of heat is required to warm the greater 
quantity of water. 

We now define as unit quantity of heat, or one calorie (cal), that quantity 
of heat which is necessary to raise one gram of water in temperature by one 
degree. In order to heat, say, 20 grams of water one degree, 20 calories 
are necessary. But on the other hand experience teaches us that in 
similar circumstances we may also have four grams of water warmed five 
degrees, or ten grams two degrees, or one gram twenty degrees (approxi- 
mately). Hence, generally speaking, the quantity of heat necessary to 
heat m grams of water t degrees is mt calories. One gram of another 
substance requires in general a different amount, usually less; one gram of 
copper for example o.i calorie. This number, which is therefore almost 
always a fraction, is called the specific heat of the substance in question, 
and is designated by c. In order to warm m grams of any substance by t 
degrees mcl calories are necessary. 

If we now mix various bodies at different temperatures in a suitable 
vessel insulated against transference of heat, we have the law of mixture of 
Richmann and Black: the whole quantity of heat present in the bodies 
remains unchanged. Hence the quantity of heat given up by the warmer 
bodies is equal to that gamed by the colder bodies. According to this 
rule, which is easily stated in a mathematical form, we are able to calculate 
the final temperature if we know the masses, the specific heats, and the 
original temperatures before mixture. We have only stated the rule here 
because it shows most clearly that there is a certain magnitude, the 
quantit^^ of heat, which remains constant in all purely thermal processes. 

Now such processes, as we have said above, never exist strictly 
speaking, and we are now interested in the reciprocal relations 
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between thermal and mechanical processes. Let us consider say 
the manufacture of fire by savages, or the steam engine. In the 
first case heat is obviously produced by mechanical exertion, in 
the second case, heat conversely produces mechanical work. It 
is our next task to consider these relationships. 

In order to be able to do this, we must first say a few preliminary 
words concerning the development of some other mechanical 
concepts, which the reader acquainted with the matter may omit. 

For the working of the simple machines (lever, roller, set of pulleys, 
inclined plane, etc.), which were already known to the ancients, the so- 
called 'Golden Rule' of mechanics holds: What is saved in power is lost 
in distance; or more exactly; The smaller the force the greater is the 
distance through which it must move. The product of the two (F. s) is 
therefore an unchangeable quantity, and it is only possible to change one 
factor if the other changes as well. This product therefore 
represents a magnitude which is given once and for all in a 
given case (as, for example, the raising of a heavy body 
to a certain height) and this magnitude is given a special 
name.^® It is called wor/i, and is measured by the product 
of force and distance, F. s. If one dyne is taken as the unit 
of force (the force which gives a mass of one gram an accel- 
eration of one centimetre per second per second) the unit of 
work is accordingly one dyne times one centimetre. This is 
given the name of erg (from ergon, work) and since it is too 
small for practical purposes, a unit ten million times as great 
is used: one joule. (Using the value of the acceleration of 
gravity, 981 cm. per second per second, it is easy to calculate 
that in order to raise a weight of one kilogram a distance of one metre an 
amount of work 9.81 joules is necessary. We add this merely as 
illustration.) 

While we have hitherto assumed that the force necessary for doing work 
is given by our muscles, or by some other force in the narrower sense, we 
must now take note of the fact that a moving body is also able to do work. 
We can, for example, by shooting a bullet at another body, not merely 
burst it apart, thus doing work against the forces of cohesion, but also 
bring it about by suitable means, that parts of the body, or the whole of it, 
fly into the air, and hence do work against gravity (the weight multiplied 
by the distance raised). 

This fact is shown us still more simply by the pendulum (see figure 3). 
By moving this from its position of rest at A, work is done, since the bob of 
the pendulum is raised to a higher level. If we now let it go, say from the 
point B, it swings back to A, which it reaches possessing so much 'kinetic 
energy,' that it rises on the other side just as high as before. This kinetic 
energy is therefore able to do the same amount of work which we ourselves 
did previously. Now in physics, every magnitude which is equivalent to 



Fig. 3 
Motion of 
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work is called energy, and hence we speak of kinetic energy, or energy of 
motion. The energy of motion of a moving body is obviously the greater, 
the greater its velocity and also the greater its mass. Calculation shows, 
as may be seen from any text-book of physics, that it is J mv^. 

A further fundamental notion of the doctrine of energy is also to be 
seen by considering the pendulum. When the latter has again reached its 
highest point on the other side, its kinetic energy is used up, but to make 
up for tliis it is again at a higher level and is able in falling to do the same 
amount of work as before. It is therefore said that the pendulum (or 
more correctly the system formed by the pendulum and the earth) possesses 
at the point B energy of position, or potential energy, wliich is transformed 
during falling into kinetic energy, while conversely, the kinetic energy is 
transformed back into potential energy on the upward path. The measure 
of the energy of position or state is given by the amount of work originally 
put into the pendulum, that is the product of the weight of the pendulum 
bob and the height by wliich it was raised. 

Thus the pendulum continually transforms one form of energy into the 
other, and it is easy to prove by calculation, that not only are the two 
final amounts of energy (kinetic at A, potential at B) equal, but also that, 
at every intermediate point of the path, the potential energy has always 
increased by the same amount that the kinetic has decreased, and con- 
versely. In other words, the sum of the kinetic and potential energies remains 
constant during the whole process. 

This law is called the law of the conservation of mechanical energy. It 
is naturally only approximately true, for in reality we are not able to 
allow the processes to take place without friction or hindrance. But it 
is true for all purely mechanical processes, no matter how comphcated, 
ajiart from such opposing forces as friction, resistance of the air, and the 
like. This knowledge, which was founded by Huygens and Leibniz, 
remained, curiously enough, without application for over a hundred years, 
before its fundamental importance was recognised, although Leibniz had 
already seen in it the universal cosmic law of the ‘conservation of force,* 
as was the term used in those days.®® 


Recognition of the true state of affairs was hindered by the 
doctrine founded by Richmann and Black, of the conservation 
of the total quantity of heat in purely thermal processes. This 
law, which was in itself undoubtedly a great advance in our 
knowledge, formed the foundation of Black's 'substance' or 
'fluid' theory of heat, according to which heat was a peculiar 
substance having no weight, which could be poured from one 
body Ikj another in thermal processes without changing in amount. 
The possibility that this substance might be fundamentally 
identical with mechanical energy did not occur to the scientists 
of that period, since for the time they were held fast in naive 
Gs 
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realism, according to which we are able to experience heat directly 
as a peculiar quahty, and hence regard it as self-evident that 
what appears to us to be so different from motion , must necessarily 
be so absolutely. 

It was the great historical achievement of Robert Mayer (1842) 
to break away and reach the correct view. He recognised that 
in the heat produced in frictional processes, for example, we have 
the equivalent of the mechanical energy apparently lost in these 
processes, and conversely, when heat is transformed into work, 
as, for example, in the steam engine, the mechanical energy 
obtained (J.s) is the equivalent of an amount of heat (a certain 
number of calories) which actually disappears. Hence quantity 
of heat, and mechanical energy or work, are equivalent to one 
another, or transformable one into the other. According to the 
latest determination, one kilogram-calorie or 1000 cals, is equiva- 
lent to a work of 426 metre-kilograms, that is the work that is 
done when 426 kilograms are raised a height of one metre. 

But the matter does not end here. Mayer already recognised, 
and Helmholtz was the first to state clearly, that this principle 
of equivalence is a fundamental law of the whole of physics, and 
that not only heat and mechanical energy obey it, but that in 
every department of physics there is a magnitude, which is 
equivalent to mechanical work, and heat, and all other quantities 
of this kind. In electricity, for example, it is the product of 
quantity of electricity and voltage, which stands in this relation 
of equivalence to mechanical work. All these quantities are 
called by the common name of energy (electrical, magnetic, 
chemical, radiant, etc.), and hence the general law may be thus 
stated.®^ 

In every physico-chemical process the total energy, that is, the 
sum of all single kinds of energy, remains unchanged. This is 
the law of the conservation of energy, known shortly as the 
energy law. It states that whenever any kind of energy 
apparently disappears, some other kind of energy appears in 
corresponding amount. Every natural process is a transforma- 
tion of energy, but energy is never produced or destroyed without 
equivalent. 

This discovery brought to exact physical expression a 
philosophical idea many centuries old, which along with the 'law 
of the conservation of substance' (see above, pages 2, 64), has 
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been the concern of scientific philosophers of all periods; the 
notion, namely, of the conservation of the total sum of all happen- 
ing (all motion, force, etc.). This idea, it is true, only came to a 
very few particularly penetrating minds in antiquity (among 
them probably Democritus), for the ancients thought statically 
and not dynamically, for which reason also they were denied 
insight into the law of inertia. At the beginning of modern times 
however (Descartes, Bruno and others), we find appearing every- 
where, the idea that motion once present in the world never really 
ceases completely to exist, but is only passed on to other bodies 
(see also above, page 58). Hence in the classical period, the 
philosophers (Leibniz and Kant) already placed quite definitely 
alongside the law of the conservation of substance, that of the 
conservation of force, or of motion, only they did not succeed 
in raising this law from an indefinite general notion to the level 
of a clear and certain piece of quantitative physical knowledge. 
This was reserved for Mayer, Joule and Helmholtz. 

Conversely, this discovery has exerted a considerable effect 
upon scientific philosophy. A whole school of philosophy based 
upon it arose, commonly called that of the energists, and is chiefly 
represented by Wilhelm Ostwald in Germany, and W. J. M. Rankine 
in England. Although its one-sided view is abandoned to-day, it is 
worth while devoting a few words to considering it. The energist 
regarded the law of energy not only as a general law of nature, 
but as the law of nature, to which all others could finally be 
reduced, and thus made energy, to use Lipps' neat expression, the 
‘horse in the world machine' or in other words, the only substance 
in the world process. What we buy in a pound of dynamite, 
is, so Ostwald argued, not the quantity of substance (carbon, etc.) 
contained in it, but the energy contained in it. What the con- 
sumer pays the electricity supply station for, is electrical energy; 
what I buy when I buy food, is the chemical energy of it, which 
is transformed in my body into heat for mechanical work. 

Indeed, we can say that everything that we experience is 
energy, for the light waves and sound waves, and so on, which 
give us the sensations of things, are also nothing but certain 
forms of energy; matter is thus nothing but a certain constant 
connection of forms of energy, and strictly speaking nothing 
exists but energy, since nothing else can be perceived (here 
Ostwald hnked his energetics, which in itself is undoubtedly a 
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system of metaphysics, with the anti-metaphysical epistemology 
of Mach, which was only prepared to recognise the 'elements,' 
that is, the simple data of sense, as real). 

The following must be said by way of criticism of energetics. 
It is quite possible in itself that all matter may be regarded 
as a certain relatively constant connection of definite forms of 
energy, and we shall even see later that this fact may almost be 
taken as proved from our present point of view. But the 
energists were making matters too easy for themselves, when 
they supposed that so comprehensive a doctrine could be founded 
only upon the doctrine of the transformability of the various forms 
of energy, which was their basis available at the time. The law 
of energy only states the equivalent of the various forms of energy. 
It is therefore convenient to use the same measure (erg or joule) 
for all the different forms; but we must not imagine that this 
proves the actual identity of the different forms. 

This identity is perhaps a postulate resulting from the law of 
energy, but not a result; it is a task which is given us, but not a 
solution. The unity of all the different forms of energy must 
first be sought for, that is, we must first really perceive how far 
and in what sense heat and work, for example, are actually one 
and the same, before we can assert that they are identical. As 
long as we only have the equivalence of heat and work the state- 
ment of their identity is merely on paper; it remains our task to 
give it real content. We shall see in the next chapter but one 
that this problem has actually been solved to-day as regards heat 
and work. But as regards a whole number of other kinds of 
energy it remains in the form merely of a postulate. For every 
kind of transformation of energy is a simple fact in the sense 
already discussed, which requires further explanation. It is 
not sufficient for us, for example, to observe that electrical energy 
is transformed in the electric lamp into heat and light; we must 
know what really happens in the course of this transformation, 
and that is only possible if we are able to develop such an idea of 
the electrical processes on the one hand, and of those of heat and 
light on the other, that from the two ideas taken together, both 
the phenomena in question and all sorts of other relationship 
between the three types of phenomena follow. 

The positivism so strongly supported also by Ostwald®^ obscures 
here, as everywhere, the problems actually present, or simply 



ENERGY LAW AND DIVISIONS OF PHYSICS 85 

declares them abolished by putting forward the purely superficial 
and mathematical relationships as the final result of our wisdom. 
At this point also, he does not realise that the actual problem only 
begins with the determination of this functional relationship, the 
real question being how just this particular relationship comes to 
exist. 

The law of energy is only the most striking example of such 
relationships, first discovered as pure matters of fact, and then 
requiring further explanation. We may examine physics at any 
point, we always find the same state of affairs. This does not 
however prevent our recognising that the law of energy is actually 
the most important of such relationships, by reason of the fact 
that it is all-inclusive. This statement already implies that all 
physical processes must be finally of one kind, for the equivalence 
of the various kinds of energy is only comprehensible, if they are 
fundamentally only different forms of one and the same thing. 
In so far, the law of energy also affords from our realistic point of 
view an extremely important instance for our judgment concern- 
ing the whole system of physics. Only we must be clear that this 
judgment cannot be founded upon it alone. 

This is also clearly seen from another point of view, namely 
when we consider the relationship of the law of energy to the 
particular laws which hold for single departments of physics, 
such as mechanics or electro-magnetism. In the language of 
theoretical physics, the law of energy appears as a general integral 
of the differential equations in question. This means that it 
represents a consequence of them, which holds in every special 
case where they apply, but that conversely, it is not possible to 
deduce from it the special laws in question, at least not without 
the help of further assumptions. 

The layman not acquainted with theoretical physics can also 
make this fundamental idea clear to himself as follows; the law of 
energy is a necessary but not a sufficient condition of all physical 
happening. Nothing happens which conflicts with it, but it is 
not possible to deduce from it what really happens. For in 
every special case there are usually an infinite number of possible 
processes which fulfil the condition that energy is neither lost 
nor produced. If for example a ball is lying on an inclined plane, 
the law of energy would hold whether it ran down by the shortest 
path (as steeply as possible) or by any other; indeed, even if it ran 
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upwards by itself. The law of energy does not even allow us to 
conclude that it runs down at all, let alone that it follows 
the shortest path. This alone shows quite clearly that the 
energists are wrong when they state the law of energy to be Hhe 
law of nature. ' In all cases something else must he added ^ which really 
determines the actual course of events among the innumerable courses 
which are compatible with the energy law (compare also page 264). 

The latter consideration gives us an opportunity for referring 
to a complex of problems which played an important part in 
scientific philosophy 150 years ago, and is also of great importance 
for pure physics. We refer to the so-called minimum principles 
of mechanics, in particular the principle of least action. The 
essentials of the matter may be stated as follows: 

When a number of mass points or rigid bodies are connected by arrange- 
ments such as rods with ball joints, threads or the 
like, the single mass point is no longer completely 
free to move, but it is on the other hand by no 
means confined by such arrangements to a quite 
definite path (such for example as is the case when 
a liinge is used). Those motions which are con- 
sistent with the conditions of the system, are 
called virtual motions. If the mass system in question is now exposed to 
the influence of external forces, its parts will carry out quite definite 
motions, which on the one hand are determined by the external forces, 
and on the other by the linkage forces resulting from the existing con- 
nections. It then becomes a problem of general mechanics, to find what 
conditions govern the appearance of tlie actual motions as compared with 
the numerous possible or virtual motions. This question was first 
answered by the famous French mathematician d'Alembert in a very 
elegant rule, the so-called 'principle of virtual motions.' After him, his 
countr5mian Maupertius, and Ins contemporary Euler, somewhat later 
Gauss, and in the middle of last century Hamilton, all stated similar 
general rules. Common to all these is the fact that tliey state certain 
functions of the positions, velocities, masses etc., of the mass points in 
question, functions which assume for the actual motion, as compared with 
all other possible motion, a greatest or least value. 

As example w^e may take Gauss* 'principle of least compulsion.' In a 
very small interval of time dt the mass point moves as a result of the 
connections through a real small distance ds, wliich can be regarded as the 
resultant (according to the parallelogram of forces) of the small distance 
ds^ through which it would move freely in the same time as a consequence 
of inertia, and a small distance ds^ determined by the forces (external 
together with system forces) (figure 4). The product of the mass of the 
point and this small distance ds^ was defined by Gauss as the 'compulsion' 
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which the point in question suffers during the motion considered, and his 
principle states, that the sum of all these products is smaller for the actual 
motion than for any other virtual motion. Similarly, the Maupertuis- 
Euler ‘principle of least action,' that was later given by Hamilton in a more 
general form, states that in the case of the real motion a quantity described 
as 'action' is a minimum, this quantity being defined in the older writers 
as the product of mass, velocity and distance (m. v. s), but by later authors 
generally as the product of energy and time {E. t) . We mention this here 
because at a later point we must return and examine in detail this concept 
of action, which to-day stands in the forefront of physics. Hamilton's 
principle is a principle of integration. It states that in the real motion, the 
sum of all products E. dt taken over a certain interval of time (that is the 

h 

time integral of the energy / E. dt) is 2i. minimum. 

h 

In the latter form we are able to see with particular distinct- 
ness the pecuhar character of this statement, which has caused 
it to play so important a part in scientific philosophy. For all 
these rules have a certain teleological character; it looks as if 
nature sought, out of many possible motions, those which allow 
the greatest possible effect being produced by the least means, 
or those in which the exertion (compulsion) is as small as possible. 
In actual fact, the discoverers of those principles, above all 
Maupertuis, already looked at them from this point of view, and 
Maupertuis actually bases a physical proof of the existence of God 
upon his principle, which, however, he stated in a very unclear 
form. But Euler also, who was the first to give the principle a 
form free from all objection, was not indisposed to regard it as a 
direct proof of Leibniz’ idea of *the best of all possible worlds.’ 

Right up to the present day, these principles have been called 
in to support arguments of this kind, and there is really something 
surprising in seeing a process take place, in accordance with 
Hamilton’s principle, in such a way as if, so to speak, nature 
already considered at the commencement of the time interval 

^2 

h~h> what it must do to make the value of the integral / E. dt 

h 

as small as possible at the end of the time. The truth is, however, 
as Mach and after him Petzoldt showed, that the principles in 
question contain nothing more than the statement that under 
certain definite circumstances something definite happens; or in 
other words, the principle of causality in a somewhat unusual form. 

In reality, what happens is determined by the differential 
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equations of mechanics (see above). But mathematically speak- 
ing, every minimum or maximum condition amounts to this, 
that the so-called differential co-efficient of the function in ques- 
tion, which is to be a maximum or minimum, must become equal 
to zero; in other words, it amounts to a differential equation. 
Hence conversely, every differential equation may be regarded 
as the condition for a certain function becoming a maximum or 
minimum; and we even have a considerable liberty of choice as 
regards the functions. There are thus several functions which 
have the property of becoming a maximum or minimum when the 
differential equations of mechanics are assumed to hold, and 
hence it is possible to find many other such functions besides 
those generally put forward. The statement that certain 
differential equations hold is completely equivalent to the state- 
ment that this or that function becomes a maximum or minimum. 

The teleological character only arises from the fact that such 
functions as Gauss* sum of the products m, ds, or the Hamilton 
integral in which the real motion becomes a minimum, have been 
given names adapted from human purposive activities such as 
'compulsion,* 'action,* etc. This brings teleology into a purely 
objective set of facts. If, not this integral but another were a 
minimum, the other would have been given a name of this kind, 
and nature would have been credited with the intention of making 
this other a minimum. We could only speak of a real founda- 
tion of teleology if the quantities in question had already been 
recognised by quite different means as the natural criterion of 
purposiveness of the whole process, but there is no question of this. 

Although we must recognise that attempts, which occur even 
to-day,^® to give a teleological character to these minimum prin- 
ciples are not tenable, the fact still remains that the principles 
in question, and particularly that of least action, are again play- 
ing a very important part in the system of physics. The reader 
may be referred for further details to Planck*s excellent essay in 
the volume on physics in Kultur der Gegenwart, but we should add 
that meanwhile, and as a result of Planck*s own investigations 
(see below), the quantity called 'action* has acquired much more 
fundamental importance than before. We shall return to this 
at length later, and shall then see that in a certain sense, a kind of 
teleological character must be ascribed to some physical processes, 
namely those in atomic dimensions.®^ In the present connection 
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the only point which interests us in the whole problem is what 
distinguishes real natural processes from the many which would 
be compatible with the law of energy. This distinction is made, 
as is now clear, by an addition to the general law of energy of at 
least one further law, which actually settles the direction of the 
course of events. This results in showing that a purely energetic 
physics is inadequate from the beginning (this is particularly 
important in view of a later biological discussion, see page 393). 

While we have thus reduced the claims of Ostwald's ideas 
(which have lost their importance to-day) to their correct posi- 
tion, we must nevertheless defend them against an objection 
which has not seldom been raised, as in a frequently quoted essay 
by Lipps. It is said that we are dealing in the case of energy 
with the product of a long and difficult conceptual development 
in physics, and that for this reason alone it should not be regarded 
as the beginning of physics. Argument of this kind is again 
based on Machos positivist theory of knowledge, according to 
which the simple data of sense are the only real things, while all 
physical 'elements of reality' such as atoms, light waves, forces, 
etc., and even, strictly speaking, all 'things' whatever, are simply 
'thought-symbols for sensation-complexes of relative stability.' 

In the second part, we shall consider the criticism of this 
solution of the problem of reality of knowledge, called to-day 
the conscientialist solution. The fact that it is not a sufficient 
basis for physics becomes obvious when once we picture to our- 
selves what form the simplest physical law, such as the accelera- 
tion of gravity being 981 cm.-seconds, would take when trans- 
lated into this language. Precisely the main object of physics 
is to free us from the hmitations and errors of direct sense experi- 
ence (see above), and to provide us with a system of judgments 
firmly founded in itself, which, it is true, are of a purely 
quantitative character, and contain only spatial, temporal, 
material, and causal relationships. The doctrine of the subjec- 
tivity of so-called secondary quahties (sensation quahties such as 
colours, sound, temperatures, pressures, etc.) is, since Locke's 
time, almost the only law about which all philosophers are agreed. 
For the refutation of naive reahsm is too striking to fail to con- 
vince anyone who really thinks about it. 

As soon, however, as we grasp this fact, the system of physical 
reahsm follows of necessity. In place of sound and colours we 
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have frequencies, in the place of the direct sensation of heat, we 
have molecular motion, and it is the task of this first part of our 
book to develop this system as a logical whole. This does not 
amount to the assertion that the world of physical realism is 
already the world of things-in-themselves, which in philosophical 
terminology is described as the world of noumena. The relation 
which exists between the two must form the subject of a further 
investigation of an epistemological character, into which we shall 
enter at the close of this discussion. But it is clear that in the 
world of physics which we are considering, concepts such as 
energy must be placed systematically at the beginning, for the 
very reason that they were only discovered late. The road to 
knowledge of this world leads actually backwards from the 
phenomena directly given to the causes which lie at the bottom 
of them, hence the axioms are necessarily found at the end and 
not at the beginning of knowledge. But since in this book, as 
was already said in the introduction, we are not following the 
plan of a systematic philosophical investigation, but are allowing 
philosophical insight to develop naturally from consideration 
of purely scientific matters, we shall now proceed with our state- 
ment of the system, and not again interrupt it, but wait until the 
conclusion before stating the epistemological result, apart from 
a few remarks here and there more or less by the way. 

The law of energy leads, as we said above, to the necessary 
postulate of a final unity lying at the base of all the different 
varieties of physical phenomena. In actual fact, the whole 
development of physics shows such a tendency towards unifica- 
tion, a fact which we shall now have to exhibit in detail. 

Present-day physics has now only two chief divisions, the 
physics of matter, and the physics of ether. To the first division 
belong, besides mechanics, sound as the science of oscillatory 
motions (for the most part perceptible to the ear) and heat, as we 
shall immediately proceed to show. The physics of ether, on the 
other hand, comprises electricity, magnetism and optics, as we 
shall set forth in the next chapter but one. Numerous threads 
already connect these two departments, so that there can hardly 
be any doubt that the final result will be complete unification, a 
view which we shall later on support by detailed argument. Our 
next task is to show how the science of heat may be brought under 
the general concepts of mechanics. 
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THE KINETIC THEORY OF HEAT 

This was already propounded in 1738 by Daniel Bernouilli, 
but then abandoned again. Its actual foundation took place in 
the years 1856 and 1857 by Kronig and Clausius, and it was then 
further developed especially by Maxwell, van der Waals, and 
Boltzmann and more recently by Planck, Einstein, Debye and 
others. Since almost every part of it is full of difficult mathe- 
matical demonstrations, we must here confine ourselves to a 
fairly superficial sketch, in which unfortunately the most sur- 
prising and beautiful successes of the theory cannot be properly 
exhibited. The reader must bear this in mind in what follows. 

The fundamental idea of the kinetic theory of heat is the 
hypothesis shortly referred to on page ii, that what we call 
heat, and experience as a sensation of the skin, is nothing but the 
kinetic energy of the molecules of bodies, which molecules are in 
continual motion. More exactly, our skin experiences warmth, 
when the average energy of the external molecules (say the air) 
is greater than that of the skin molecules, so that during their 
collisions with one another, the external molecules give up on the 
average more energy to the skin molecules than vice-versa. 

From the standpoint of the theory of knowledge, this hypothesis 
is no more remarkable in itself, than is the fact, which no one 
doubts, that the oscillatory motion of the air is what excites the 
sensation of sound by stimulating our ears. 

Generally speaking, the molecules of a body have, according to 
the hypothesis, unequal velocities; and what we call the tempera- 
ture is decided by the average velocity of all molecules in the 
region considered; or more exactly the average of the squares of 
the velocities, since we must regard the absolute temperature ais 
proportional to the square of velocity. The absolute zero of 
temperature (see page 78) is the point at which the molecules 
are completely motionless. 

A 'dynamic' equilibrium of temperature exists between two 
different bodies or two parts of the same body when, at the 
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teundary surface, as much kinetic energy is transferred in one 
direction as in the other. If one part of a body is heated this 
means that kinetic energy is given to the molecules of the body 
at that part, and this is then spread over the body by the con- 
tinual motion. This is the equalisation of heat by conduction. 
But by no means the whole of the energy added will be found 
again in the increased kinetic energy of the molecules, that is, in 
the rise of temperature. On the contrary, a greater or less frac- 
tion of the energy added is always employed in 'internal work,' 
work that consists firstly in the overcoming of the forces exerted 
by the molecules upon one another, and secondly in internal 
molecular changes. 

The impossibility of determining this internal work more 
accurately and introducing it into calculation, was the reason for 
many failures in the theory. It becomes particularly trouble- 
some in dealing with solid bodies, where the internal molecular 
forces are strongest. Hence solid bodies, until quite recently, 
could hardly have the theory applied to them. Recently, how- 
ever, considerable progress has been made in regard to them by 
Planck's theory. 

Matters are simplest in the cases of gases, where the molecule 
moves in almost complete freedom, and of the gases, the 
monatomic are particularly simple (helium and others, see page 
24); hence it is in the case of these that we may expect the best 
agreement between theory and experience. In actual fact, this 
expectation is fulfilled in the fullest degree, as, for example, is 
seen by the value for the Loschmidt number found in the case 
of helium. Helium may be regarded as an almost 'perfect' gas, 
but it is also possible in the case of the other gases to deduce 
mathematically from the theory almost all the laws of heat con- 
duction, diffusion, internal friction, etc., in good agreement with 
experiment, and even many of the phenomena appearing in the 
transition between the gaseous and liquid state can be satis- 
factorily explained by the kinetic hypothesis. 

We cannot here enter into the many details, in part highly 
remarkable, of this agreement between theory and experiment, 
nor into the disagreements, which are also not absent. Taking 
it aU round, the theory gives results correct as regards essential 
points, and the departures from the theory, which occur in com- 
plicated cases, can be explained quite naturally as due to our 
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ignorance concerning the ‘internal work,' which makw it nece^iy 
to introduce somewhat arbitrary suppositions or simplifications, 
in order to calculate a result. It is not the hypothesis as SUch, 
but the special assumptions, which may fairly be regarded as 
responsible for such failure as occurs.®® 

Nevertheless, there would be no question of even approximate 
certainty regarding the truth of the fundamental assumption, 
and the kinetic hypothesis would rather have to take its place as a 
moderately probable supposition, or even as a mere model or 
picture, were we not acquainted with a phenomenon which, when 
taken in conjunction with the results of theory, can be regarded 



Fig. 5 

Brownian motion (from Perrin) 


as a direct experimental proof of the kinetic hypothesis. This 
phenomenon, the fundamental importance of which was strangely 
long in finding recognition, is the so-called Brownian motion. 
It was discovered in 1827 by an Englishman, Brown, but has 
only recently been more closely investigated. 

Anyone in possession of a good microscope can easily observe 
it. If a turbid liquid is brought under the microscope, say a 
suspension or emulsion of the kind described above (page 20), 
the particles of which are particularly small but still plainly 
visible (diluted milk, gutta-percha emulsion, colloidal gold solu- 
tions and others), we see that the suspended particles are in a 
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state of continuous motion, giving the impression of perpetual 
flickering and trembling. With very strong magnification, 
especially when the ultramicroscope is used, we can clearly recog- 
nise the path of a single particle as a complicated and quite 
irregular zigzag, which is best imagined by scribbling on paper 
with a pencil as children do. These observations have recently 
been photographed and even cinematographed (figure 5). There 
can thus be no doubt concerning their reality. For the compari- 
son between observation and mathematical theory, it is better 
to use, instead of the liquid emulsions referred to, suspensions of 
fine dust particles or liquid drops in gases, which exhibit Brownian 
motion equally clearly. Thus recent investigators, who have 
examined this phenomenon (Perrin, Svedberg, Seddig and others) 
have frequently used suspensions of cinnabar or gold dust in air. 

The theory of the Brownian motion has been worked out from 
the kinetic theory of gases, chiefly by Einstein and von 
Smoluchowski. According to the latter, the suspended particles 
are set in motion by the molecules which strike them in much 
the same way as if small balls of cork were hung up in a swarm of 
gnats (assuming that the gnats would not notice them and collide 
with them blindly). This theoretical deduction has been most 
completely confirmed by the painstaking experiments of the 
investigators we have mentioned, particularly Perrin, and the 
result has been a new method for determining the Loschmidt 
number (see page 22). It may be said that, nevertheless, the 
true existence of molecules is not thereby proven; that it might 
be so, but that it is still not impossible for another explanation 
of Brownian motion to be found. The suspended particles are 
still gigantic in size as compared with the molecule. 

That is true. But we must recollect what was said on pages 20 ff . 
with regard to the results of modern colloid chemistry. We 
must remember that, starting from suspensions and emulsions 
and colloidal solutions, the particles of which are still visible in 
the microscope and ultramicroscope, there is a perfectly con- 
tinuous transition to so-called True solutions,’ in which the dis- 
solved substance is distributed in the form of true molecules. 
It is quite impossible to suppose that Brownian motion sud- 
denly ceases as the particles become smaller and smaller. On 
the contrary, as far as it can be followed, the motion increases as 
the particles get smaller, in entire agreement with theory. The 
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principle of continuity thus requires that we assume the motion 
to exist, even when on account of the smallness of the particles, 
we can no longer recognise it, and this brings us to the actual 
motion of the molecule. * Hence Seddig says quite rightly at the 
close of his account of his beautiful investigations^®: These 
quantitative experiments may surely be regarded as a direct 
experimental confirmation of the correctness of the kinetic theory 
of heat, which is now almost generally accepted. Brownian 
motion gives us a coarse picture, directly visible to the eye, of 
the heat motion of the molecules, of which motion it is the 
consequence.' 

At this point we will introduce a small digression by referring 
to a law which we shall need in another connection. This is the 
so-called law of entropy, or second law of thermodynamics, the first 
law being the energy law. We may conveniently connect it with 
Brownian motion. Many careful experiments have shown that 
Brownian motion continues with quite undiminished intensity 
as long as the temperature of the suspension observed remains 
constant. It thus represents true perpetual motion. As we 
know, only such inventors as have had no education in physics 
attempt nowadays to realise this century-old will-o'-the-wisp. 
For the fact that it is impossible to construct an apparatus which 
perpetually produces work out of nothing, is the substance of the 
law of energy, which is the most certain of all physical laws. 

But we must here make a clear distinction. The law of energy 
denies the possibility of an apparatus which produces work with- 
out using up energy from another source. But it actually incites 
us to seek for an apparatus which allows a complete closed circle 
of energy transformation, a transformation of one kind of energy 
into another, and converse transformation to the point of com- 
plete restoration to the original conditions. Such an apparatus 
would fulfil completely the demands of the law of energy, for the 
sum of the various energies would remain constant during the 
whole process. No work could be obtained from it, but it would 
itself continue in motion to all eternity. Every periodic motion, 
such for example as that of a pendulum, gives an approximation 
to such a process, but it is always only an approximation. 

The assumption for its construction would be that we should 
succeed in preserving undiminished the whole effective energy 
taking part in a process. In the case of Brownian motion, and 
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also in that of true molecular motion, this assumption is fulfilled 
but the statement that a corresponding apparatus cannot he con- 
structed of greater dimensions than a molecular, in molar dimensions 
as we say, is the essential content of the second law of thermo- 
dynamics,^’^ If that were possible, we might for example suppose 
that a ship could take from the ocean, which represents an 
enormous reservoir of heat, any desired quantity of heat, trans- 
form this into work, use it to drive the screws, and thus again 
heat the water by means of friction. The heat would then have 
simply passed through a circular course water-engine-water, but 
the ship would have crossed the ocean for nothing. Work would 
be neither gained nor lost, and hence the law of energy would be 
fulfilled. Nevertheless, everyone has an instinctive feeling that 
this kind of perpetual motion is just as Utopian as the first. 
Why is this ? In order to understand the answer, at least 
approximately, we must enter a little into thermodynamics. 



Fig. 6 shows the plan of a heat engine. We may assume that it is a 
steam engine. In the boiler, the working substance (water) is heated and 
turned into vapour; in the condenser it is again liquefied by cooling. The 
excess of pressure on the side of the boiler drives the piston forward in the 
cylinder, and enables it to do work. Now the fundamental question, which 
was asked and first answered by Carnot in 1824, is: how much work can the 
engine do in the most favourable case, when we exclude all loss by friction, 
conduction of heat, and radiation ? This maximum work is by no means 
equal to the total heat Q (calories turned into metre-kilograms) given 
to the boiler. For it is certain that the whole process necessarily requires 
a part of the heat to be given up to the cooling water in the condenser, for 
the process of cooling consists in taking heat from the working substance 
and thus liquefying it. Without this cooling the machine could not work 
at all, since the pressure on both sides would be equally great. When we 
calculate the course of the process, we find, as Carnot and Clausius showed 
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in 1828 and 1850, that the amount of heat which can be transformed into 

T -T 

work has the maximum value Q ^ in which Q represents the total 

^ 2 

amount of heat stored in the boiler, and and represent the absolute 
temperatures (see page 78) of the condenser and the boiler respectively. 
T — T 

The fraction ^ is therefore called the theoretical efficiency of the 

engine. 

For example, if the temperature in the boiler is 160° C., in the condenser 
40° C., which gives as absolute temperatures -f 273) the values = 433 


and jTj = 313, we have 




0.28; that is, about 28% of the 
The remainder, 68%, goes to 


Fa 433 

heat could be transformed into work, 
waste in the coohng water. 

Hence heat can only he transfoymed to a limited extent into work or other 
forms of energy: the fraction capable of transformation is proportional to the 
difference of temperature present (Tg-T^). and inversely proportional to the 
absolute value of the higher of the two temperatures. 

This law is, in the narrower sense, the ‘second law of therm od5aiamics.' 
We furthermore have the fact that heat is in any case dissipated by the 
tendency to natural equalisation of temperature, without work being done. 
The practical result of this is, that the efficiency of every heat engine is 
considerably less than the theoretical; thus in a steam engine under the 
above mentioned conditions, it is only about one-half of theory. Hence a 
perpetual motion of the second kind is impossible for two reasons. In the 
first place, the heat losses last mentioned are irrevocable; but in the second 
place, even if they were not present, the periodic transformation of heat 
into work, and conversely, is rendered impossible by the second law. 
For if, for example, we stored the maximum work dehvered by our heat 
engine (28%), say by raising a weight, this could, it is true, be made to 
give back to the boiler the same amount of heat that had been previously 

T — T 

transformed into v’^ork (Q — — ^); but of this heat, only the fraction 




would be again transformed into work the next time, and so on. 


The resulting amounts of work would thus become smaller and smaller 
(according to a geometrical series, e.g. 0.28; 0,282; 0.282 , . ^ 


The deeper reason for this law, which at first sight appears so 
curious, lies, as Boltzman showed, in the nature of heat as an 
irregular molecular motion. The transference of heat from one 
body or part of a body to another, the equalisation of temperature, 
really consists in the molecules furnished with a higher average 
energy of motion transferring their energy to the slower molecules 
of the other part by continual collision. Now Boltzmann showed 
Hs 
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that this equalisation means nothing else than the transition of 
the whole system from a less probable to a more probable condi- 
tion. The second law, or the law of entropy as it is usually called,* 
can thus be deduced from the kinetic theory by simple applica- 
tion of the statistical rules of the calculus of probability. The 
only assumption that must be made is the 'hypothesis of elemen- 
tary irregular motion,' that is, the assumption that all possible 
molecular velocities in all possible directions are in themselves 
equally probable (just for example, as in the application of prob- 
ability to dice, the assumption must be made that the dice are 
not loaded on one side). 

This supposition is very closely true for ordinary temperatures, 
whereas later investigations (Planck, Nemst, Debye and others) 
have shown that it can no longer be assumed to hold in the neigh- 
bourhood of absolute zero. Hence in this case, new investiga- 
tions are necessary, and these have given a whole series of quite 
surprising results. But for ordinary conditions, the hypothesis 
of the equal probability of all molecular velocities, and hence of 
the law of entropy, may be taken as unquestionably correct. 
Its application has been even more fruitful in many directions 
than the energy law itself. In theoretical chemistry in particular, 
it has produced magical results since it was introduced into this 
science by van t'Hoff, Horstmann and Gibbs. 

From what we have said, the continuation unchanged of 
Brownian motion, which itself is, as it were, nothing but a coarser 
molecular motion, will require no further discussion. The law 
of entropy is no more valid for it, than is the law of probability 
for the single case. It is only subservient to the energy law, 
which holds for molecular processes. 

After this short digression, which we need with a view to later 
applications, we return to our main line of thought, the meaning 
of the kinetic theory of heat for our physical world-picture. In 
view of the results we have mentioned, it may be regarded as 
settled to-day that the molecular motions assumed by the kinetic 
theory of heat are real in the same sense as the existence of the 
molecules themselves is real (see page 31). We have thus again 
a confirmation of what was said above concerning the meaning 
of physical hypotheses. What a few men of genius imagined 

♦ Entropy means transformation; the name was introduced by Clausius for a 
quite definite mathematical quantity. 
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some two hundred years ago, as an explanation of the behaviour 
of gases in respect of changes of pressure and temperature, can be 
taken to-day as an experimentally ascertained fact. A supposi- 
tion, and one very daring at that, has turned out to be correct, 
and not merely a useful model. 

But the critic will not regard this as a sufficient reason for 
yielding his position. He will rather say: Let us assume it to be 
the case, although there are a good many objections still to be 
made; but even if it be taken as a fact that molecules exist and 
that they move as calculated by the kinetic theory, the latter 
is still far from being proved. It has merely been shown that 
molecular motions take place proportionately to what we call 
temperature, and measure by means of the hydrogen or air 
thermometer, and also perceive somewhat coarsely by means of 
the nerves of our skin. But who can tell us that heat is identical 
with these motions ? Would that not mean, that all phenomena 
of heat could be referred to these motions, and must thus be 
capable of deduction from the kinetic theory, and would this not 
confront us with the demand, impossible to fulfil, for a complete 
induction, that is, infinite experience ? 

What are we to reply to this criticism ? Something very 
simple, something so simple that it is easily overlooked. Namely, 
that heat is now and for the future identical by definition, as far 
as we are concerned, with molecular motion. We actually always 
measure temperature by means of the hydrogen or air 
thermometer, whereby we measure nothing other than the 
molecular motion, since this produces the pressure of the enclosed 
gas. Every other thermometer is in practice graduated accord- 
ing to the air thermometer. But if we should in any way come 
to the conclusion - as is actually the case - that in certain regions 
of temperature, say very low temperatures, the readings of the 
air thermometer no longer correspond to the actual molecular 
energy, there is nothing to prevent us from declaring that never- 
theless, the latter is stiU to be regarded as temperature, and that 
the thermometer we are using does not give this temperature 
sufficiently accurately. This is a pure matter of convention, 
and is in no way remarkable, when once we have clearly realised 
that in any case we have long ago freed, and been obliged to free, 
our physical concept of temperature from our direct sense experi- 
ence of heat. 
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The question whethox all phenomena of heat can be reduced 
to molecular motion, i;; ixiintless, when we simply define heat as 
molecular motion. 1 1 would only have a meaning, if we continued 
to understand by the term heat our original feeling of heat. It 
would then Ih"‘ a matter of vihether this feeling of heat always 
stood in the same relation to other phenomena as does molecular 
motion. That this is not the case we were already aware before 
(see page 77), for it was for this reason that we made use of the 
thermometer instead of the skin since our reason led us to say 
that our sense of heat deceived us. The same is also true, for 
example, when we 'burn' our skin with acid or alcohol. We are 
obliged to conclude from the readings of the thermometer that 
the sensation of heat is here produced without increase in 
molecular velocity, and we regard ourselves as justified in declar- 
ing the feeling to be an illusion of sense. Here we mean no more 
than that the condition which, as experience teaches us, normally 
produces it, is not present. 

This condition is the increase of molecular energy. Everything 
else also capable of producing a sensation of heat y is simply excluded 
by definition from the physical concept of heat. Here we are not 
acting more arbitrarily, or with less justification, than when we 
understand in acoustics under the terms musical note and sound, 
only the oscillatory motion of substances, and speak of an illu- 
sion in the case of everything else also capable of producing the 
sensation of sound in the ear. The singing in the ears of a fever 
patient is just as little an object of physical acoustics, as are fever 
heat (which does not arise only from the slight rise in temperature), 
and the above mentioned case of a burning pain, objects for the 
physical science of heat. Otherwise we might regard a dream 
concert as belonging to acoustics, and the common dream of 
flying as belonging to mechanics. The whole object of physics 
is to use the sense impressions to check one another, and, with 
the aid of the intellect, to form a picture of reality as independent 
as possible of the sense impressions; a picture carrying the 
guarantee of its correctness in itself (see page 27). For this 
purpose, such exact definitions as the one we have been consider- 
ing, definitions which are only apparently arbitrary, form an 
indispensable means. 

It is true that the objection can be made and often has been made, 
that all this comparison, combination, and analysis, nevertheless 
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entirely fails to take us out of the realm of sense experience, 
and so can only, fundamentally speaking, reduce an unknown 
X to another unknown, Y. When, for example, the kinetic 
theory of heat resolves heat into motion, it does not thereby give 
any fundamental explanation, since the 'motion' goes back to 
certain sense-impressions just as does the heat. That is, in a 
certain sense, true. But it overlooks the most important point. 
For it is by no means a matter of indifference whether I have in 
heat and in motion two separate sense experiences, which being 
isolated, are doubly incomprehensible to me, or whether I reduce 
both to a single unknown. Only hy way of the reduction of groups 
of phenomena to one another, or to a third common and funda- 
mental phenomenon, is it possible to find an answer to the question 
of the nature of reality. If finally this should be only a relative 
answer from the point of view of the theory of knowledge, if the 
unknowable 'thing in itself' behind this reality is to continue a 
riddle for ever insoluble for us, physics can be indifferent. From 
its point of view, there is no longer any riddle, as soon as every- 
thing has been reduced to one single thing. This sounds like a 
contradiction, but is not so. For it is easy to see that what is 
mysterious about a certain group of phenomena is really only its 
isolation. What appears to us as a 'brutal fact' without any 
connection with others, appears for this very reason to us as 
mysterious, and demands that we find an explanation for it, that 
is to say, bring it into subservience to a more general statement. 
The same is true, for example, as regards gravitation. We should 
regard it as explained the moment we succeeded in proving that 
the law of gravitation was a consequence of the fundamental 
electro-magnetic laws.* 

If now all phenomena were thus reduced to one single funda- 
mental statement, it is evident that this would have to be regarded 
as itself inexplicable, since it would explain everything existing. 
Only two questions could then be stated with regard to it : 
I. What is its origin, and why is it just as it is, and not otherwise ? 
That would be the problem, pursued to the last position accessible 
to ph}' ics, of why the world is there, and why it is as it is and not 
otherwise (the cosmological problem of the contingency of the 

♦ The above sentence from the first edition has been allowed to stand inten- 
tionally, Einstein's general theory of relativity has fully justified it (see page 147), 
only Ibat we must put something else in place of the fundament^ electro- 
magnetic laws. 
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world). This problem goes beyond the limits of physics, although 
a discussion concerning it is, in a certain sense, possible. We 
shall return to it later (see page 214). 2. But it might also be 

asked: What has the hypothetical physical constitution of the 
world, in which all physico-chemical phenomena are to be regarded 
as included, and hence also those processes which take place in 
the brain of man when he feels, what has this physical state of 
affairs to do with the psychical, the sensation, etc.? This is the 
psycho-physical problem reduced to the last imaginable physical 
position, and we shall return to it in another connection. As 
regards these two questions, we may certainly talk of ‘world 
riddles,' but to seek other impossible mysteries behind physics, 
is merely making mystery for its own sake. 

The kinetic theory of heat is one of the most important steps 
on the road of modem physics, the road which leads to the order- 
ing of everything particular under something more general, to the 
search for the fundamental laws, of which all single natural laws 
are consequences and special cases. As a result of the kinetic 
theory of heat, the apparent qualitative difference between two 
departments, those of mechanics and of heat phenomena, dis- 
appears and becomes simply the quantitative difference between 
molar and molecular emotion. This tendency towards unification 
becomes much clearer, when we now turn to the second chief 
department of physics, the physics of the ether. We shall 
begin this with a short account of the theory of light. 



VIII 


THE DEVELOPMENT OF THE THEORY OF LIGHT 

Scientific optics (the science of light) begins with the investiga- 
tions of Newton and his contemporaries, Hooke, Grimaldi, 
Huygens and others. One of the first important discoveries 
was that of the law of refraction by Snellius (1626), after many 
other investigators, including Kepler, had sought for it in vain. 

The law tells us that when a ray of light passes 
from one medium to another (for example from air 
to water) its direction is changed in such a way, 
that the ratio of the sines of the two angles which 
the ray makes with the normal to the surface be- 
tween the two media (angles of incidence and refrac- 
tion, see figure 7) always has the same value. This 
is called the refractive index of the particular 
pair of substances. When we speak of the refrac- 
tive index of a single material, we mean that 
against air, or more accurately speaking, vacuum. 

Reflexion and refrac- 

Whenever refraction takes place, reflexion tion of a ray of light, 
also takes place at the bounda^ of the of^r^ex/o^^^^^orire- 
two substances. The law of reflexion, which fraction 

says that the angle of incidence is equal to the angle of 
reflexion, was already known to the ancients. Since the same 
law is also true for the reflexion of elastic balls (for example 
billiard balls) at plane surfaces, the supposition was natural that 
light consists of small ‘corpuscles,' which are reflected in a similar 
way at a boundary. Newton actually succeeded in deducing 
the law of refraction in this way. For if we assume that the 
atoms of the medium exert an attractive force on the hght cor- 
puscles, but that this only acts over a very short distance, it can 
only take effect in the very close neighbourhood of such a 
bouixJdry. If we assume that in the figure, the denser, and 
hence more attractive medium is below, there is a resulting force 
downwards on the corpuscle while it is passing through the 
boimdary layer. Assuming the corpuscle to possess inertia, and 
to be moving very rapidly, the effect of the force is to divert it in 
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the direction towards the perpendicular, its velocity also being 
increased. Calculation shows®® that the law sin a /sin /? = 
must hold. According to this corpuscular theory of light of New- 
ton, the index of refraction (the constant ratio of the two sines) 
must be equal to the inverse ratio of the velocities of light in the 
two media. 

Soon after the publication of Newton's theory in 1672, Huygens' 
work appeared, in which he proposed to regard light as a form of 
wave motion, the theory of which was founded by him. His 
argument showed that the wave theory also gives both laws, 
that of reflexion and refraction, correctly. Only according to 
it, the index of refraction (the ratio sin a /sin /?) is equal to the 
direct ratio of the rate of propagation of the waves in the two 
media, or w = Cj /cg whereas it should be the inverse of this accord- 
ing to Newton. Since in the case of air to water the index of 
refraction is about 4/3, light should travel in water 4/3 times 
faster than in air according to Newton, whereas the converse 
should be the case according to Huygens. At that time a decision 
was impossible, since it appeared impracticable to determine the 
rates of propagation of light in various substances; indeed, doubt 
was still felt regarding Romer's discovery of the finite velocity 
of light (1675), which was made by astronomical means, using 
the moons of Jupiter. In view of Newton's great authority, 
however, and also no doubt on account of its greater concreteness, 
the corpuscular or emission theory first gained the day, although 
even at that time some of those phenomena were known which 
form a direct proof of the wave theory, namely interference and 
diffraction. On the other hand, neither Newton's nor Huygens' 
theory was able to explain the fact of the separation of colours 
which takes place at every refraction, with the production of a 
spectrum; this shows us that the index of refraction is not actually 
a single constant, but slightly different for each colour. 

WTien towards the end of the i8th century, the English oculist 
Thomas Young, and somewhat later the French engineer Fresnel 
(1820) showed how all known interference and diffraction 
phenomena (colours of thin plates, grating spectra, etc.) can be 
explained by the wave theory, whereas the emission theory com- 
pletely fails, the position was changed. From then onwards the 
wave theory reigned undisputed in physics, and hence the 
direct refutation of Newton's theory by Fizeau and Foucault's 
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determination of the velocity of light in water (1850) was no longer 
needed, though it actually showed that, as Huygens' theory 
requires, the velocity of light was smaller in water. Interference 
phenomena cannot possibly be explained without the help of a 
wave conception. 

An experiment carried out in 1895 by the German physicist 
Wiener gave a direct demonstration of the wave nature of light. 
Wiener allowed hght to be reflected at a silver mirror (figure 8, CD). 
We then get so-called 'stationary waves,' with nodes and loops 
which lie parallel to the plane of the mirror. They are shown in 
the figure in section. Such waves are easily illustrated by means 
of any stretched rope or string, only that in the present case we 
are deahng with waves in space and not on a straight line. Hence 
the nodes and loops arc not points but planes. Wiener set a 
photographic plate (shown in section in the figure by AB) at a 
very sHght inclination to these planes, so that it 
cut them successively. Where it cut a node 
plane, it was not blackened; where it cut a loop 
plane, the blackening was a maximum. The 
nearer to parallel we make the inclination of 
the plate to the planes, the further the distance 
between successive blackenings; this distance, 
and hence the wave-length, could thus be meas- 
ured directly on the plate with a divided rule. A 
particularly original and curious experiment is 
that of placing the plate exactly in a node plane, _ _ . 
when it is not blackened, though light goes through ^ 

it from both sides. It would be impossible to demonstrate the 
oscillations even of a string or rope more directly than this. 

While from all we have said, there can be no doubt as to the 
correctness - not merely the utility (see above, pages 38 ff.) - of 
the wave theory of light, it nevertheless had great difficulties to 
meet at first, since it was attempted in vain to give the waves a 
concrete or mechanical sense. As we know, physics distinguishes 
between transverse and longitudinal waves. In the case of the 
first, ^.uch as the waves on a stretched rope or vibrating string, 
the oscillation of the single particles takes place at right angles 
to the direction of propagation of the wave. In the second case, 
as with air waves (sound waves, for example), it lies, on the 
contrary, in the direction of propagation. It is easy to see that 
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transverse waves are only possible in media having elasticity 
of shape, and hence not in liquids and gases. In these we can 
only have longitudinal waves.®® But light, as is proved by the 
phenomena of polarisation, consists of transverse waves. 

Huygens already knew of such phenomena, and had even 
investigated them more closely (calc spar); but he could not make 
up his mind to conclude from them the transverse nature of 
light waves, since light comes to us through empty space, and 
this cannot well be given the properties of an elastic solid, which 
would further have to have an enormous modulus of elasticity, on 
account of the very high velocity of hght. It is a very great 
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Sine curve as graphical representation of an oscillation 

service to science of FresneFs that he nevertheless ventured to 
make this assumption. He told himself quite correctly that the 
quantitative working out of a theory is much more important 
than the ease with which it may be imagined. If it works out 
correctly, the other question will solve itself, often in ways of 
which we have no idea. This also happened in the present case, 
but only, it is true, after new data had arrived from quite another 
direction, about which we shall speak immediately. 

It was first of all attempted once more to settle the matter by 
simply ruling it out positivistically, and here we have an example 
of the greatest interest in relation to the theory of knowledge, 
and one which bears a close resemblance to the situation occurring 
to-day. The argument was something as follows: The physical 
concept of an oscillation means in the first place a to-and-fro 
movement, and we usually think of this as a quite definite form 
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of movement, namely so-called simple harmonic, or sine motion, 
in which the momentary distance of the oscillating point from 
its middle position is shown graphically, as a function of time, by 
the sine curve of figure 9. (The figure will no doubt also be intel- 
ligible to the layman). Now this same curve can also be used 
as the representation of any other kind of periodic change of 
state, taking place according to the same law. For example, the 
temperature in a room might be changed in such a way by alter- 
nate heating and cooling, that a recording thermometer would 
draw this curve. We may then speak of an oscillation of the 
temperature or other magnitudes, thus using the word oscilla- 
tion in a broader sense, and meaning the same thing as a periodic 
change of state. 

The concept of a wave may also be enlarged in the same way. 
A wave, in the ordinary mechanical sense, is produced when an 
oscillation (in this case in the ordinary sense of the word), pro- 
duced at any point, is transferred to neighbouring points on 
account of elastic connections, or as in the case of air, by the 
transference of pressure, so that each point commences to oscillate 
a little later than the point behind it. If we now make use of the 
more general concept of the ‘periodic change of state,’ in place of 
that of mechanical oscillation, we obtain the corresponding 
generalised concept of a wave. Hence a wave, in the physical 
sense, means any kind of periodic change of state which is propa- 
gated in space with a finite velocity. Any kind of physical 
magnitude such as temperature or the like, is caused to change 
periodically at one point, and these changes afiect the neighbour- 
hood, since the latter is connected with the point of the original 
change in some way. It is a matter of indifference as to what is 
the nature of the physical magnitude in question which changes 
at every point in space, but at each point somewhat later than 
at the previous point, nor does it matter what is the nature of the 
connection. 

The distance between two points in space which are separated 
by a distance of one complete period, is also called, in this trans- 
ferred sense, a wave length. To pass over this distance, the wave 
obviously requires the time occupied by a complete oscillation T. 
Hence we have for all wave processes (not only the mechanical) 
the equation c = A / T or if we use in place of the time of oscilla- 
tion T the number of oscillations per unit of time n — 1 jT, we 
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have c = nX, This equation, which we shall often make use of, 
could hardly be omitted here. 

So far we have been dealing with an enlargement of the two 
concepts of oscillation and wave, to which no one can reasonably 
object. Physics is free, if it should appear convenient, to give 
these a larger sense than they have hitherto carried. We only 
leave physics for epistemology when we declare with regard to 
the theory of light, as was customary about the middle of last 
century, that there is no further sense in asking, in view of this 
enlarged concept of oscillation and wave, what it really is that 
oscillates in light. One should rather be content to possess in the 
equations in question a formal statement which applies to all 
oscillations and waves in the enlarged sense, and to show that the 
properties of light necessarily result from this formal statement. 
For physics has no right whatever to claim more than a suitable 
formal description of the fact. Here we have the positivist 
position in its purest form. We have a perfect example of its 
value and also of its dangers. 

Its value consists in the fact that this formal theory of light 
does actually set us free from the difficulties of forming a mental 
picture, which were peculiar to the older, mechanical or elastic, 
theory. If we leave unanswered the question of what really 
oscillates in light ~ and it was in fact simply abolished from 
physics as unanswerable - we naturally avoid all the difficulties 
which arose in the mechanical theory from the necessity of ascrib- 
ing to empty space the properties of a perfectly solid body, in 
order to render transverse waves possible in it. Huygens had 
already imagined space in this sense, in view of its functions as a 
carrier of light waves, as filled with an imponderable and invisible, 
but truly existing substance, the luminiferous ether, which how- 
ever, since he only imagined longitudinal waves, he regarded as 
a kind of extremely rare gas. This something which could not 
be perceived, and hence fell under the suspicion of being merely a 
metaphysical hypothesis, was now simply abolished. There was 
no further use for the ether; only formulae were required to 
describe the way in which light behaves. It is an undeniable 
service performed by positivist criticism that in such cases as the 
present, it frees theory from superfluous special notions, which 
were here quite incapable of being carried out. But its error is 
to regard a problem as settled, which it simply refuses to state; 
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whereas the problem still exists and is merely set aside for the 
moment. 

This problem in the present case is the following: What really 
is the quantity, the periodic changes of which form light ? Is 
physics not to be allowed even to raise this question ? As soon 
as positivism lays down a negative requirement of this kind- 
which it has done more than once in the present case - it exceeds 
permissible hmits and becomes negative dogmatism (it would be 
more correct to call all positivism ‘negativism,’ since it hves 
solely upon negation). In this case it quite arbitrarily ruled out 
a question, which, however we look at it, was really the funda- 
mental point of the whole matter, as compared with which aU 
pure formahsm was simply the external clothing. It is obvious 
that this was the case as regards the theory of light, since the 
investigations of Maxwell and Hertz have actually been able to 
answer the question of the nature of the magnitude which changes 
periodically in light. According to the purely formahstic (that 
is positivistic) theory of light, this question would not even have 
had any meaning, whereas it actually forms the central point 
of later insight into the problems. In order to explain this more 
fuUy, we must first enter a httle into the modem theory of 
electricity. 



IX 


THE ELECTRO-MAGNETIC THEORY OF LIGHT 


The science of electricity and magnetism received a powerful 
new impulse at the end of the i8th and beginning of the 19th 
centuries by the discoveries of Galvani and Volta, while about 
the same time. Coulomb first discovered a quantitative law of 
electrical action. The attractive or repulsive effect of two 
magnetic poles or electric charges (of unlike or hke sign respec- 
tively) is, according to his investigations, firstly directly propor- 
tional to a quantity which we call pole strength or charge respec- 
tively, and secondly, inversely proportional to the square of the 
distance. 
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The analogy of this law to Newton's law of gravitation is quite 
obvious, and in consequence of this agreement as regards the 
fundamental law, the laws of magnetism and static electricity are 
to a large extent formally similar to those of gravitation. The 
development of the mathematical theory of these actions is 
mainly due to Laplace, Poisson and Gauss. Among the useful 
'fiction' we have the concepts of the 'field,' of 'lines of force,' of 
'potential' and others. On account of their fundamental import- 
ance for the whole of our physical world picture, we must shortly 
discuss the most important of these. 


We call the space around a heavy mass, an electrified body, or a magnet, 
in which the effects of gravitation, etc. can be shown to exist, its field 
(gravitational, electrical, magnetic). If we bring into the neighbourhood 
of a magnet say, a small north pole, which we will suppose to be a single 
point, this moves along a certain curved line through the field (in practice 
the pole can be caused to follow this line by allowing it to float on water). 
It also describes a line of this kind starting from any other position. We 
call this line a hne of force, and imagine the whole space to be permeated 
by such lines of force, which give at every point the direction of the mag- 
netic force (figure lo). Most people know how they are made visible by 
means of iron filings. Apart from the latter statement, all that we have 
said is also true of the electrical and the gravitational field. The direction 
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of the lines of force of a magnetic field is given by the direction of motion 
of a north pole, of an electric field by the motion of a positively charged 
small body, and of a gravitational field by that of a mass. The force which 
is exerted upon the body thus introduced appears in this way to be divided 
into two factors, on the one hand the 'field strength,' on the other the 
amount of the charge possessed by the body introduced (pole strength, 

mass). Speaking mathematically, the expression — is divided into 

the two factors, and mg, the first being the strength of the field of 

the mass m^, at the point where is (at a distance f), while only 
depends upon the mass itself (the test body or point of reference, as the 
technical expression goes). But this is all for the present, naturally, a 
purely mathematical way of looking at the matter; a picture or model, or 



Fig. io 

Lines of force of a bar magnet 

better, a scheme, which turns out to be extremely convenient for further 
mathematical development. Poisson and Gauss, who were the chief 
founders of this point of view, had for the moment no other intention. 
We can save ourselves any further discussion of the mathematical develop- 
ment, and will now consider the transformation of this purely mathematicad 
theory into a physical theory by Faraday and Maxwell. 

Faraday was probably led to this concept of a field of force, 
which has fundamentally changed our whole world-picture, by a 
fact which he was the first to investigate, namely that the magni- 
tude of the electrical and magnetic action between two bodies is 
essentially dependent on the substance which is between them. 
In Coulomb's law this is expressed by the fact that the products 

and — are multiplied by a factor i /D or i respectively, 

which depend upon the substance forming the medium. D and ft 
are called the dielectric constant and magnetic permeability 
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respectively of the substance in question. Faraday rightly con- 
cluded from this fact that these effects must be transmitted through 
space through some intermediary, and that we are by no means 
dealing with simple 'action at a distance,' as we had generally be- 
lieved since Newton 's time. Newton himself, it is true, had sought for 
an idea wliich would make the transference of gravitation through 
space comprehensible (see page 44). But he did not succeed in 
finding one, while the supposition of a simple action at a distance 
excellently explained all astronomical phenomena. Some success 
was also obtained in attempting to explain actions such as elastic 
forces, hitherto regarded as direct contact actions from point to 
point, by means of distant forces between atoms separated in 
space. The whole of physics thus appeared to be resolving itself 
into a sum of forces acting at a distance between mass points 
separated in space, and the idea of a medium of transference 
through space completely disappeared; in particular, magnetic 
and electric forces were regarded entirely from this point of view. 

Faraday's view was the direct opposite of this. It replaced 
action at a distance by direct action via the medium: and since the 
effects are, as we know by experiment, transmitted through empty 
space, this itself now appeared as an electro-magnetic medium. 
The ether of the Huygens-Fresnel light theory thus gained a new 
importance. It now became the carrier of an electric and 
magnetic field, which represented real states in space (ether) or 
in the medium, the lines of force being the mathematical expres- 
sion of this actually existing state, and the field strength [m /r^) 
the measure of it. It is characteristic of the striving of the human 
mind after mechanical explanations, that Faraday himself tried 
to picture this whole state of affairs by comparison with the state 
of tension which exists in a sheet of rubber which has been 
stretched in one direction. He thus again returned to a 
mechanical picture of phenomena, as is still attempted to-day, 
particularly in England. But this is by no means necessary, as 
we shall see later. The point is whether the lines of force, field 
strength, etc., actually correspond to something real at a given 
point in space, which is also present when no material body is 
there to indicate its existence. 

This idea, which at first was practically neglected, only ex- 
hibited its full fertility when Faraday's great fellow-countryman. 
Maxwell, succeeded, in i860, in putting it into a mathematical 
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form, at the same time enlarging it considerably. The well-known 
fact that a magnetic needle is deflected by an electric current 
(Oersted, 1820), means that an electric current produces a 
magnetic field in its neighbourhood (figure ii). Maxwell first 
recognised that this is only a particular case of a more general 
fact. An electric current is the 
equalisation of electric tension, and 
hence always amounts to the change 
of an electric field (disappearance of 
a field). Maxwell therefore enlarged 
the relation discovered by Oersted, 
by stating that every change in an 
electric field produces a magnetic field 
in the neighbourhood. 

Now Faraday had discovered the 
exact converse of this in the funda- 
mental fact of so-called induction; 
the change in a magnetic field pro- 
duces in a conductor placed in it 
an induced electric current. If we 
imagine this conductor removed, no Fig. h 

current can be produced, but never- Magnetic field of a current. The 
theless an electric tension is pro- current is flowing upwards 

duced, in other words, an electric field. This gives us Maxwell's 
second law: A change in a magnetic field produces an electric field 
in its neighbourhood. The two laws were formulated by Maxwell 
in two sets of three mathematical equations, which also give the 
quantitative relationships. These equations contain the change 
with time, and the spatial distribution of the 
electric and magnetic field strengths, the di- 
electric constant and the magnetic permea- 
bihty of the medium, and a constant c, which 
defines numerically the magnetic field strength 
produced by a certain change in electric field 
strength or current and conversely. 

The constant c, practically speaking, gives 
the speed at which an unit charge of elec- 
tricity must be moved in order that the 
resulting current may act upon a magnetic 
pole of unit strength at a distance of i cm. with a force of one 
Is 




FORCE AND MATTER 


II4 

dyne (figure 12). According to the measurement of Kohlrausch 
and Weber (1847), the value of the constant is 300,000 kilometres 
per second. 

Maxwell’s equations lead directly to the consequence that any 
change in the condition of an electric or magnetic field must be 
propagated in all directions from the point of change with a finite 
speed. The speed with which this propagation takes place is, 

according to the equations, = -7^= ; and since D and fi are both 

== I in empty space, this velocity is there c itself. The con- 
stant c therefore also signifies the rate of propagation in empty 



Fig, 13 

Field of force of two electrically charged balls 


space of electro-magnetic changes of state. If we now imagine 
this state to change periodically at any point, this periodic 
change will likewise be propagated with velocity c. But 
this simply means that we have electro-magnetic waves pro- 
pagated with the velocity c. In order to form an accurate 
picture of this, let us imagine two electrically charged balls + 
and — (figure 13), the equal and opposite charges of which are 
continually reversed, let us say a million times a second, so that 
around them the electrical field oscillates to and fro in the general 
sense discussed above. Figure 13 shows a single instant; after 


ELECTRO-MAGNETIC THEORY OF LIGHT 115 

the elapse of half the time of a whole oscillation, the lines of force 
will be exactly reversed in sign. All lines of force in the whole 
field change everywhere with the same frequency, but those 
farther away are always later in their change as compared with 
those nearer, so that at a certain distance A there are points which 
just commence their first change when the second is beginning at 
the balls, and so on. Simultaneously with these electric oscil- 
lations, magnetic oscillations take place everywhere according to 
Maxwell’s equation, their lines of force being at right angles to 
the lines of electric force. Both lie at right angles to the straight 
lines radiating from the balls, the direction of propagation of the 
wave, and we are therefore dealing with transverse waves. 

Now the constant c of Maxwell’s equation, found in the experi- 
ments of Kohlrausch and Weber, is exactly the velocity of light 
in empty space. It is evident that Maxwell was obliged to con- 
clude from this agreement that the light waves are nothing but 
electro-magnetic waves. In other words the physical magnitude 
which changes periodically in a light wave, and is left undeter- 
mined by the formal light theory, is the electric and magnetic 
field strength. In accordance with Maxwell’s laws the two 
changes always take place simultaneously in directions at right 
angles to one another, and to the direction of propagation.®® 

It is well known how Hertz succeeded twenty years after 
Maxwell in producing experimentally these electro-magnetic 
waves which had been predicted on purely theoretical grounds 
and in showing that they possess all the known properties of light 
(reflexion, refraction, interference, diffraction, polarisation). 
These waves are now known to everyone through broadcasting 
and wireless telegraphy. But very few of us have a clear picture 
of what the word electric wave really means. Popular description 
in which ether oscillations and the like are still mentioned, simply 
confuses the matter instead of making it clearer, since the illustra- 
tion of mechanical oscillations is always made use of instead of 
attention being directed to the essential point, namely the 
periodic change of the electric and magnetic field strength. The 
latter are concepts which can be made just as comprehensible as 
a mechanical oscillation. 

The well known experiment with iron filings is surely to be 
found in every course of instruction in physics. It is difficult 
to understand why ether waves should still be continually brought 
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into the matter. It is very necessary that the reader of this book 
should get away from the much too narrow mechanical notion. 
NaturaUy there remain the questions of what electric and magnetic 
fieJd strength real^v are, why they are connected by Maxwell^s 
Lius, and how a change of them at one point can act at a point in 
the neighbourhood, even in empty space. But we are not dealing 
with these questions for the moment, but only with the theory of 
light. To the fundamental question: what is light ? we have a 
perfect answer: light consists of electro-magnetic waves, that is, 
periodic changes of the two field strengths, of exactly the same 
kind as in wireless telegraphy, these changes being propagated 
through space. Only, in the case of visible light, the frequencies 
are much greater, and the wave lengths much smaller, than in the 
case of wireless waves. 

Since we are here dealing with one of the chief supports of 
theoretical physics, it is necessary at this point to carry the matter 
a little further. We will make a short survey of the whole range 
of electro-magnetic waves, since without it all later discussion 
would be difficult. 

We must first remember that the colours of the spectrum from 
red to violet, as was already shown by the older theory of light 
(Fresnel), differ from one another as regards their wave lengths. 
The red end of the spectrum has a wave length of about 760 /x/ix, 
and hence according to the equation c = n,X, a frequency of 
about 400 billions per second, violet light having about double 
this frequency (about 800 billion), and hence half this wave 
length, 380 /x/x. In terms of sound, the visible spectrum thus 
covers fairly exactly one octave. Since the beginning of the last 
century, we know that the spectrum is continued at both ends 
by radiation invisible to the eye, but recognisable by suitable 
physical apparatus, the so-called ultra-red and ultra-violet 
(Ritter, Herrschel). For ultra-violet, the photographic plate, 
which is very sensitive to it, can be used; for the ultra-red other 
apparatus is needed, which is sensitive to radiation of every wave 
length, since it simply turns the energy of the radiation into heat, 
and this again into electric currents, which can be measured by 
means of highly sensitive galvanometers. The sensitivity of these 
apparatus (bolometer, thermopile) is so great that the radiation 
from an ordinary candle at a hundred metres distance upon one 
square centimetre of surface can be measured; indeed even the 
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radiation arriving from the larger fixed stars 
such as Sirius or Vega can be measured. 

With the help of such apparatus on the 
one hand, and of the photographic plate 
on the other, the invisible spectrum has of 
recent years been conquered octave by 
octave. For a long time the lowest ultra- 
red known was the wave length 342 /a, that 
is 0.342 mm., reached by Rubens and his 
collaborators. From this to the shortest 
electric waves which had at that time been 
produced, about 2 mm. in length, there was 
long a gap of from two to three octaves, 
but this has since been bridged. In the 
over-tones of a so-called Lebedev radiator 
(electro-magnetic), Mobius found waves 
down to o.i mm., these being smaller than 
the longest ultra-red waves of Rubens. 
Indeed, waves as short as 30 /xhave recently 
been obtained by means of electrical appar- 
atus, and these could be measured in ex- 
actly the same way as Rubens measured 
the ultra-red rays of the spectrum. 

If any proof was necessary of the iden- 
tity of the ultra-red waves produced by 
these two different means, it has been given 
by a recent experiment of Rupp,®^ in which 
a direct interference between ultra-red 
waves and oscillations was exhibited. A 
further similar experiment was made re- 
cently by Lewiisky,®^ 

There thus cannot be the slightest doubt 
concerning the completely continuous con- 
nection between Hertzian electro-magnetic 
waves, such as are used for broadcasting in 
lengths of three kilometres down to a few 
centimetres, and the visible red rays of a 
wave length of 760 /a/a. The accompanying 
figure 14 makes the whole matter quite 
plain. 
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But at the other end, the diagram carries us far beyond the 
visible violet. First come the ultra-violet rays of the sun and 
of our 'artificial sunshine' lamps, the physiologically active rays 
of which lie between 340 and 280 /x/x. This region has been fol- 
lowed by Lyman down to about 20 /x/x. From this point, there 
was until recently, another small gap before the X-rays were 
reached, but this is now also filled. The longest X-rays known 
to-day, as far as the author is aware, are about 37.5 /x/x. At the 
other end the waves produced by the X-ray tube join without a 
break the y-rays of the radio-active substances; and these again 
are followed, with a small gap however, by the cosmic rays which 
have quite recently become famous, and which, by the way, were 
not first discovered by Millikan, but by the two German investi- 
gators, Hess and Kolhorster. Regener has quite recently found a 
part of this radiation to have a wave length estimated at about 
0.000001 /x/x or I /x/x/x/x.®2 These rays are so penetrating that a 
thickness of lead of metres is required to reduce their intensity 
to one half. 

We thus now have a complete picture of the whole of electro- 
magnetic radiation, and it would be idle to doubt that all these 
rays represent qualitatively the same process, and differ only 
quantitatively as regards wave length. It should therefore be 
frankly admitted that the original Maxwell hypothesis, from the 
very beginning, could have had no other meaning than an assertion 
of this identity in nature between visible light and electric rays 
in the narrower sense. This state of affairs was obvious in i860, 
and became still more obvious when Hertz actually produced 
electric waves. What is the sense of talking in this connection of 
'thought-economy,' and the 'heuristic value' of hypothesis ? 

In view of the case in question, which was just as clear 40 years 
ago as to-day, it has always been a mystery to me how so many 
physicists, with such an obvious example before them, could 
support a theory of knowledge which attempted to ignore the 
main point, that of identity in nature. Surely at that time it 
was not simply a matter of whether the continuous transition 
from electric to light waves had been proved, or whether it was 
merely part of the experimental programme. Epistemology 
cannot make its fundamental position depend upon the 
momentary state of physical discovery. A statement such as 
that of Maxwell, that light consists of electro-magnetic waves is 
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either right or wrong; there is no third possibility. If it is right, 
it is also fruitful from the heuristic point of view, and of that of 
economy of thought. But any one who sees therein its only 
value, appears to me to be like a person who sees in singing only a 
healthy exercise for the lungs and the diaphragm. If there is 
anything in the history of science which can show us plainly the 
nature of physical hypothesis, it is the theory of light. 

While clearly recognising this, we must not on the other hand, 
overlook the fact that the solution of the question of the nature of 
hght accomphshes a part only, and as we see to-day, only the 
smaller part of the task. Maxwell’s genius brought light under 
the concept of the electro-magnetic wave. But when we examine 
the matter more closely we see that this deals with only one side 
of the question: the propagation of light, and strictly speaking 
only with propagation in empty space. Maxwell’s theory does 
not tell us, firstly, how the electric waves in our ordinary sources 
of light acquire their enormous frequencies (for we cannot recog- 
nise a canie as an electrical apparatus); and secondly, how it 
comes about that the propagation of these waves is essentially 
modified as soon as matter is present in the space through which 
they pass; and thirdly, how the energy of the electric waves is 
changed into heat again when light is re-absorbed by matter. 
The first and last questions, as we shall see, are very closely con- 
nected, but they form the most difficult chapter of the whole 
theory of light. 

But a number of single problems are also contained in the 
second question, among the chief of these being that of dispersion, 
or the variation of refractive index with wave length. How does 
matter, such as glass, occupy a certain space, refract different 
waves differently according to their wave length? Maxwell’s 
theory gives us only one single refractive index for all wave 
lengths; it should be equal to the square root of the dielectric 
constant, which is a purely electrical magnitude (see above). 
This relationship is fairly true for a number of gases and liquids 
which are moderately good insulators, but is even then not exact; 
while in the case of many substances such as water, it does not 
agree at all, the refractive index of water against vacuum being 
about 4 /3, while its dielectric constant is about 80. Furthermore, 
the refractive index is in any case not a single constant, but 
different for every wave length. But the dispersion problem is 
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only one of many which remained unsolved by Maxwell's theory. 

We may say quite generally that it was only able to explain 
correctly the connection between light and electro-magnetism in 
general, and the propagation of light in empty space. But it 
fails as soon as the interactions of light and matter come into 
play. This is obviously due to the atomic structure of the latter 
which is not taken into account in Maxwell's original equations, 
since they are strictly continuous in character. But it appeared 
for many decades almost impossible to find a way out of the 
difficulty, and optics had therefore no other resource, in spite of 
Maxwell, than to treat such constants as the refractive index, or 
absorption co-efficient of a given substance for a given colour, 
simply as experimental values, and likewise simply to register all 
the facts of spectroscopy (see below) without being able to 
explain them. 

It is useful before continuing our description of present-day 
physics, in which these problems have come much nearer solution, 
first to make a short survey of the position of physics at the end 
of the 19th century. Physics was divided, as already mentioned, 
into two chief departments, the physics of matter and the 
physics of the ether. The first included mechanics, and sound, 
heat, the second electro-magnetism and optics, or more generally 
radiation, to which we may add so-called heat radiation, such 
as is sent out by a stove below red heat, and is simply ultra-red 
radiation of the kind already described. We already see from 
this remark that lines of connection between these two main 
departments run to and fro, since this dark radiant heat (that is, 
ultra-red light), results from the stove being heated, and hence is a 
result of increcLsed molecular energy. But the question as to how 
this came about was at that time (before 1900) quite insoluble. 
In each separate department there were certain fundamental 
facts, which had simply to be taken as such. Thus mechanics 
devoted much attention to movement under the influence of 
gravity. But there was no answer to the question why this 
exists and follows Newton's law that weight is proportional to 
inertia. Mechanics was also much interested in elastic forces. 
But here again we were confronted with a fundamental fact, and 
could give no answer to the question of how it comes about, for 
example, that steel or ivory strive to restore their form, and why 
lead or glass do so not at all, or much less effectively. The 
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'modulus of elasticity' is here simply the 'material constant' 
found by experience, Kke many others throughout physics. 

The same was true everywhere. Wherever we look at physics 
at that period, we meet a few great general laws of the department 
in question (the fundamental equations of mechanics; Maxwell's 
equations), and a number of special laws, with constants derived 
from experience; while many other such special laws, once 
likewise matters of experience, such as the law of refraction or the 
propagation of waves, could now be derived from the general law. 
At the same time, the constants, first of aU found purely em- 
pirically, afterwards often show surprising connections. Thus, 
for example, in the year 1819, the two French scientists Dulong 
and Petit found that the specific heat of the elements is inversely 
proportional to their atomic weight, and in the year 1853, the two 
Germans Wiedemann and Franz found that electrical and thermal 
conductivity are nearly directly proportional. The first relation, 
as Richarz showed in the eighties, can be derived from the kinetic 
theory of heat, which even gives numerically the constant value 6 for 
the product of atomic weight and specific heat . The second fact 
has only become comprehensible to-day, on the basis of the latest 
theory concerning the conduction of electricity by metals (see below) . 

If we had at that time (1890-1900) formed such a picture by 
sober criticism, it would have been natural and sensible to say: 
we are not yet at the end of our labours, and what we cannot do 
to-day, our children and grandchildren will in all probability 
succeed in doing in great part. If we therefore cast our minds 
forward in time for one or two hundred years, we perhaps may 
imagine a state of physics in which the unification of our ex- 
planation has been completed and when all special laws can 
really be deduced as the necessary consequences of one or a few 
fundamental laws. Such a position might have been taken up. 
That this was not done is again the fault of positivism, which 
declared the main problems non-existent, and we now see quite 
clearly the true psychological reason for this type of thought. 
Positivism is always and everywhere the epistemology of prema- 
ture resignation, of the resignation which comes from disappoint- 
ment. The mechanistic solution of the whole of physics, formerly 
regarded as so simple, was seen to disappear more and more 
beneath the mass of special phenomena, for no possibility could 
be seen of reducing electro-magnetism to mechanics. It was 
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therefore believed that the attempt at a unified explanation of all 
phenomena must be regarded as a misleading ideal, and the 
question of essence was therefore fundamentally rejected in favour 
of a purely formal quantitative description of phenomena by means 
of pictures or models useful from the point of view of thought- 
economy. We have now seen how foolish this attitude was. 

This fact will become still more evident when we now turn to 
the further development of physics, which clearly shows that the 
goal in question was no delusion, but rather that we are very 
close indeed to it. This new phase in the development of physics 
was brought about at the turn of the century by the discovery of 
X-rays, radio-activity, and all that is connected with them; above 
all by the investigation of the electric discharge through gases. 
Anyone who, like the author, passed through that time as a 
student, will clearly remember how astonishing and revolutionary 
was the effect on that generation of these discoveries. At first 
the impression was that the goal of a unified explanation for the 
whole of physics had now receded into the farthest distance, and 
that after such unheard of discoveries, others still more remark- 
able were possible in unlimited numbers, and that it was therefore 
hopeless even to think of such a thing as unified physics, since 
every day might bring something quite new. This was how 
most people thought and wrote in those days. But they were 
wrong, and the very opposite was true. 

These new discoveries turned out to be the entrance to a 
region in which all the roads of the physics of the past met. 
Indeed physics had, without knowing it, the thread of Ariadne 
already in its hand, which enabled it to pass with assurance 
through this labyrinth of apparently limitless new regions of fact. 
All that was needed was the genius who would recognise this and 
go forward boldly. This genius was Hendrick Anton Lorentz, 
and he was followed at the beginning of the new century by a 
whole series of men of equal genius, so that in this respect, our 
own time puts the classical epoch of Copernicus, Kepler, Newton, 
Leibniz and Huygens in the shade. Lorentz, Planck, Einstein, 
Rutherford, Bohr and all the others are names - we can say this 
to-day with complete certainty - that will be named as long as 
men live who pursue science, and know something of the achieve- 
ments of their forefathers. The decisive step was the develop- 
ment of an 'atomic theory' of electricity. 
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THE ATOMIC THEORY OF ELECTRICITY 
(ELECTRON THEORY) 

This was effected almost simultaneously by Lorentz and 
Wiechert in 1896. As we have already remarked, they did not 
really produce anything new, but they showed what was con- 
tained in the already known. The concept of an atomic division 
of the electric charge, of an elementary unit of electricity, an 
indivisible unit of aU electrical charges, arises from consideration 
of the laws of electrolysis, which were found by the great electrical 
experimentalist, Faraday, in the thirties. It is necessary to recall 
to the reader’s mind the simplest 

fundamental points. Certain - + 

liquids, for example, the aqueous 
solutions of acids, bases and salts, 
are separated by an electric current 
into two parts which fall out at the 
anode ( + ) and cathode ( -). The 
two parts were called by Faraday 
ions (meaning wanderers) and each 
separately anion and kation. If, 
for example, the current is passed 
through hydrochloric acid, HCl 
(figure 15), H+ is the kation, Cl" the 
anion, the former separating at the negative, the latter at the 
positive pole. For many reasons which we caimot possibly go into 
here,*® the conviction was already general about i860 that the two 
parts are not actually separated from chemical combination by the 
current, but are already present as free atoms (the substance being 
dissociated, as it is caUed); though not as ordinary atoms, but as 
such with opposite electric charges. In the present case, the 
hydrogen atom has a positive charge, H+, the chlorine atom a 
negative charge. Cl". The effect of introducing the electric 
voltage is merely to cause these charged atoms to move towards 
the corresponding oppositely charged electrode, where they are 



Fig. 15 
Electrolysis 
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discharged and so transformed into ordinary atoms, which can 
then be recognised by their properties (chlorine, for example, by 
its green colour and smell). 

This theory, founded in 1857 Clausius, and in 1884 by 
Arrhenius, assumes that the charged atoms, which are now 
called ions in a narrower sense, have essentially different properties 
from uncharged atoms. Thus, for example, the ion Ci“ is, in 
contrast to free chlorine, colourless; for hydrochloric acid, in 
which it is contained, has no colour when pure. According to 
the quantitative laws of electrolysis discovered by Faraday, we 
must conclude that every monovalent (page 17) atom, or atomic 
group, possesses one and the same charge, and carries this to the 
electrode, while every bivalent atom possesses double this charge 
and so on. All atomic or ionic charges are thus multiples of a 
certain smallest quantity of electricity, which was called by 
Helmholtz the elementary electric charge, and is designated by e. 
Its absolute magnitude can easily be determined from the 
Loschmidt number N (see above, page 22); and conversely, every 
determination of e leads to one of iV. The most exact value of e 
is, according to Millikan's recent determinations, 4.772 x 10^® 
electrostatic units, or 0.159 trillionth of a coulomb.®® 

These theories were, as already mentioned, generally accepted 
about 1880.®^ The essential further step taken by Lorentz and 
Wiechert was to assume that ions of this kind do not exist only in 
electrolysis, but also in all substances, either actually or poten- 
tially; and that above all, gas molecules and atoms may be 
‘ionised' under certain conditions, and thus become electrically 
conducting. It was then possible by this means, as the sequel 
showed, to arrive at a comprehension of almost the whole of the 
complicated phenomena of the discharge of electricity through 
gases (spark, arc light, Geissler tubes, etc.) which hitherto had 
been quite inexplicable. The most important and fruitful 
discovery was, that the negative electrical elementary charge is 
not necessarily bound to material atoms, as in electrolysis, but 
can exist free as such, and that the cathode rays, which had 
already been investigated by Hittorf in the sixties, were none 
other than a cloud of freely moving negative elementary charges 
(figure 16). This made the elementary electric charge itself a 
kind of material atom, and the ordinary chemical atoms now 
appeared as complexes of such negative charges, which are called 
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electrons, together with a main positive mass, which is to-day 
usually called, following Rutherford, the atomic nucleus. This 
must naturally contain as many positive units of charge as there 
are electrons present in the atom, if the atom is to be electrically 
neutral. 

According to Rutherford, who developed this idea further 
about 1910, we are to imagine the atom as a kind of planetary 
system, inasmuch cis the electrons rotate about the positive 
nucleus in the same way as do the planets about the sun. Other 
investigators have proposed, in place of such d5mamic models. 



Fig. 16 

Straight-line propagation of cathode rays 


static models with stationary electrons, but a further hypothesis 
is then needed to explain why these electrons do not plunge into 
the oppositely charged nucleus. We shall see later that these 
questions are probably meaningless, and why this is the case. 
In electrolytic dissociation, for example, of hydrochloric acid, the 
chlorine atom robs the hydrogen atom of one electron, so that the 
latter contains one positive elementary charge in excess, while 
the former carries one electron over its normal amount, and hence 
has a one-unit negative charge. Further details must be left 
till later. 

We have now to add to this picture a few experimental details. 
The conviction that we are dealing in the case of the cathode rays 
with a negative ‘corpuscular radiation' (as opposed to the radiation 
of light waves) depends upon the following grounds. Cathode 
rays are propagated strictly in a straight line (figure 16). They 
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can be diverted by an electric and by a magnetic field exactly as 
would be expected from the generad laws of electro-magnetism 
for a cloud of negatively charged particles (figures 17 and 18). 
Further, they actually carry a negative charge along with them, 
for example, they charge an electroscope placed in their path 
negatively, and finally - and this is the decisive point - their 
so-called specific charge, that is the ratio of charge to mass (e jm), 








Magnetic deflection of cathode rays (schematic) 

which can be exactly determined from the amount of their de- 
flection by electric and magnetic fields, is always found to have 
the same value, whatever the exact conditions of their production, 
or whatever the material from which they originate. It follows 
of necessity from this constancy oi ejm that we are dealing in 
every case with the same kind of corpuscles. The velocities of the 
cathode rays are found to be, according to their mode of pro- 
duction, about I /400th to J to the velocity of light. The fastest 
electron rays are the ^-rays of radium, which reach a velocity 
up to 99% that of light.®* 

Since other experiments®* allow and compel the conclusion that 
the charge of an electron is identical with the elementary charge, 
whereas the ratio e/m is found to be much larger than that for 
electrolytic ions - it exceeds the specific charge of the lightest of 
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these, hydrogen, by 1800 times - no other conclusion is possible 
than that the mass of these particles is correspondingly smaller. 
Since, on the other hand, they are produced from every kind of 
cathode material, they must necessarily be interpreted as com- 
ponent parts of the atom, as we have already stated above. 
Besides the negative electron rays, we also know rays consisting 
of positive corpuscles, the so-called anode and canal rays. For 
these, values of ejm different from those of electrolytic ions have 
never been found, and hence we are likewise dealing with ions 
such as H+, Na+, etc. The smallest known positive particle is the 
ion, or what is the same, the hydrogen nucleus. For, as we 
shall explain more exactly later, we must imagine the hydrogen 
atom as consisting of only one electron and a positive nucleus 
carrying an equal and opposite charge. For the present let us 
keep in mind these two facts: there are free negative electrons, 
but positive charges only exist in conjunction with atoms of 
normal weight. 

When cathode rays, that is moving electrons, fall upon sub- 
stances such for example as platinum, these send out X-rays. 
But these are not corpuscular in nature; they are wave rays, as is 
shown by the facts that (i) they are propagated with the velocity 
of light; (2) are not deviated by electric and magnetic fields; (3) 
are capable of interference and polarisation (see below). X-rays 
are ultra-violet of very short wave length, as we have already 
remarked in connection with the spectrum. 

All three kinds of rays; moving positive (also negative) ions, 
moving electrons, and X-rays, are found again in the phenomena 
of radio-activity, which, by a fortunate historical coincidence - 
not entirely a coincidence, since at that time particular attention 
was being paid to new kinds of radiation - were discovered at 
almost the same time as the X-rays (Becquerel, 1897). The 
three types of rays, which can be emitted by radio-active sub- 
stances, are called a- /?- and y-rays. The a-rays correspond to the 
canal or anode rays. They are positive corpuscular rays, namely 
helium atoms with two positive charges (or more correctly helium 
nuclei). The ^-rays are, as we have already mentioned above, 
very fast cathode rays, and the y-rays are X-rays of very short 
wave length. The energy of these radiations is enormous: a 
gram of radium develops, all told, about three thousand million 
calories. In order to explain it, all kinds of external causes were 
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first thought of, such as the reception of cosmic energy, and even 
the invalidity of the law of energy, but the conviction finally 
became stronger and stronger, that it was really a matter of 
energy which was already potentially present in the radio-active 
substance. According to Rutherford’s hypothesis of atomic 
disintegration (1902), which is generally admitted to-day, a 
radium atom explodes as it were, with the result that positive and 
negative corpuscles are hurled out while short-wave radiation is 
also produced. More exact investigation shows that one of two 
things happens: either the projection of positive a-particles, 
or the projection of / 5 -particles (electrons) with simultaneous 
production of y-rays. Only in rare cases do both processes 
appear to take place with the same atom (see the table). 

In this explosion it is not the planetary system of the atoms 
which is destroyed, but the nucleus itself. Radio-active processes 
are changes in the nucleus, and hence when they occur, a new 
element is always produced, the process being one of atomic 
degeneration. Elements of lower atomic weight are formed 
from elements of higher atomic weight. Thus from radium, via a 
whole series of intermediate stages, we get finally radium G, which 
is identical with lead. On the basis of certain investigations 
conceniing the passage of X- and corpuscular rays through thin 
layers of metal, Rutherford concluded in 1912, that the nuclear 
charge, measured in multiples of the elementary charge, must 
be equal to about half the atomic weight, excepting that in 
the case of hydrogen, it is equal to the whole atomic weight i. 
Van den Broeck then recognised in 1913, that what came into 
play was not the atomic weight, but the number of the element in 
the periodic system, the so-called atomic number of the element, 
which in fact closely approximates to half of the atomic weight. 
Since on the other hand, the positive nuclear charge must be 
equal to the number of electrons revolving round the atomic 
nucleus, we get the following fundamental rule of van der 
Broeck: 

Nuclear charge == number of electrons = atomic number 

which has been confirmed by all later investigations. 

From this law follows a further important consequence. Since 
the loss of an a-particle (helium nucleus, charge 2, mass 4) 
lowers the positive nuclear charge by 2, the element passes up 
the periodic system by two columns when an 'a-transformation' 
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occurs. This is, for example, the case with radium itself, which 
changes by loss of an a-particle into radium emanation, a noble 
gas with the atomic weight 222 (see table at the end). If the 
nucleus loses an electron, its atomic weight is not sensibly altered, 
but the nuclear charge becomes greater by one unit, and the 
element then moves up the periodic system by one column without 
change in the atomic weight. (The external system of electrons 
adjusts itself automatically to the nuclear charge.) These two 
rules form the content of the Soddy-Fajans displacement law. 
From it there further follows, that after one a-and two /^^-trans- 
formations, the elements must again reappear at the same point 
in the periodic system although it has in the meantime lost four 
units of atomic weight. Accordingly, therefore, there exist both 
elements of like chemical properties but different atomic weights, 
so called isotopes, as well as elements of unlike chemical proper- 
ties with like atomic weights, so called isobars (the latter being 
such as differ only by a ^-particle). 

These consequences of Rutherford's disintegration theory 
combined with van der Broeck's hypothesis at first appear 
somewhat fantastic, but have been completely confirmed by cer- 
tain famous investigations, one of the best known of these being 
Honigsrhmidt’s determination of the atomic weight of uranium 
lead. Radium itself, in the sense of the disintegration theory, is 
only one step in a series of transformations, the ancestor of which 
is uranium. After a total of five a-transformations, and four 
/^-transformations, radium is finally transformed into radium G, 
which is identica] with lead. Hence this lead, which originates 
from uranium, must have an atomic weight of 226 (radium) - 20 
(=5 X 4), that IS 206, since the ^-transformations have no 
effect on the weight; whereas the chemical atomic weight of lead 
is 207.2. The difference is much greater than the experimental 
error, and hence this was for long regarded as a decided obstacle 
to the acceptance of Rutherford's disintegration theory. 

It will ever be regarded as one of the most remarkable triumphs 
of scientific prediction, recalling the discovery of Neptune and 
Mendcleeff's prediction of unknown chemical elements, that an 
atomic weight determination of lead obtained from uranium 
minerals by Honigsehmidt actually gave the required value of 
206. Quite recently atomic weight determinations have been 
developed to such a degree of accuracy especially by the last 

Ks 
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named experimenter, that even the second decimal place may 
now be regarded as exact, and here small departures from the 
calculated value have been found, so that further undiscovered 
causes of a still finer description must be at work; these are being 
sought for with great energy.’® But this fact in no way detracts 
from the fundamental importance of the result. The achieve- 
ment of Leverrier and Galle was not diminished by the fact that 
Neptune was found one half a degree distant from the position 
calculated by Leverrier, nor that of Mendeldeff by the fact that 
the elements gallium, germanium, and scandium did not fulfil 
his predictions in every single particular. We have here a 
particularly characteristic example of the way in which physics 
progresses step by step with continually increasing accuracy. 
At another point we shall discuss this question more fully from the 
point of view of the theory of knowledge (see below, page 228 ff.). 

Before we proceed, it is necessary to mention a few discoveries of a 
more experimental character, which are of importance for matters to be 
dealt with later, and also complete what we have said earlier, and give 
it a further foundation. J. J. Thomson and Townsend were the first to 
determine tlie value of the elementary electric charge, and hence of the 
Loschmidt number, by purely expenmen tal methods. The method is 
somewhat as follows. It has long been known that air can be cooled 
considerably below the dew-point without condensation (to fine drops of 
mist) of the water vapour contained in it, the condition being that the 
air should be completely free from dust, since the dust particles act as 
nuclei for condensation. But condensation occurs when the air is ionised; 
and, as Thomson first showed by special experiments, it occurs first on the 
negative 10ns, and then on the positive when the degree of cooling is 
greater. Thomson invented an extremely ingenious method of counting 
the drops in a cloud of mist, and in doing so, he could likewise count the 
ions which served as condensation nuclei; combining this wath a direct 
measurement of the total charge, he was able to find the charge on a single 
ion, e, by simple division. 

This method of Thomson’s was later frequently repeated vith improved 
apparatus, and gave values of N in excellent agreement with values other- 
wise found (27.2 X 10^®). 

Two further determinations of e (and hence N) were made by other 
methods. Regener, and also Rutherford and Geiger, were able to make a 
direct determination of the number of a-particles thrown off by a 
small quantity of radio-active material in a given time, by allowing a very 
small, but exactly measurable, fraction of the total radiation to pass 
through a very small hole in a block of lead, the effect produced by every 
single a-particle passing through the hole being observed (the two methods 
differ only as regards the method of reception). But more remarkable 
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than all these was the method devised by C. T. R. Wilson, who succeeded 
in actually photographing the paths of single a- and /IJ-particles. For 
this purpose he again made use of the condensation of water vapour on 
the ions of the air. Every single a- or fi- particle passing through the air 
ionizes the air molecules, probably by shattering them, and the water 
vapour then condenses on the ions then produced. Wilson's method 
consisted in producing the cooling and the illumination at the same 
moment, and thus retaining a picture of the momentary state of the air. 
The accompanying figure 19 (opp. this page) shows a fragment of radium, 
which is sending out a-rays in all directions. Figure 21 shows a single 
ray, in which the peculiar hook at the end is noticeable, above this is the 
trace of a /^-particle with a characteristic bead -like arrangement of the 
water particles. Figure 20 shows the track of a narrow bundle of X-rays 
through air (from bottom to top). We see clearly how the electrons 
(/^-particles), immediately recognisable by the characteristic form of the 
path, fly out of the air molecules in all directions. In view of these 
wonderful results, there can hardly be any further doubt as to the real 
existence of these particles, which previously was hypothetical. 

We may also add, that Milhkan and Ehrenhaft also arrived at new 
determinations of e and N by analogous methods. The best result found 
by Millikan was e = 4.772 x lo-^® E.U., that is, N — 27.2 x 10^®. Later, 
Ehrenhaft observed charges on particles suspended in air, which appeared 
to be considerably smaller than e, his result being one thousand times 
smaller. This was in contradiction to all previous results, but strong 
objections were raised by other investigators such as Regenerand Baer = 
the question has not been quite cleared up so far. In view of the large 
number of arguments otherwise telling in favour of the constancy of the 
elementary charge, it becomes very difficult to accept Ehrenhaft's results. 


We will now proceed with our development of modern physical 
knowledge. As we have stated, Honigschmidt’s investigations 
proved the existence of isotope elements. Ordinary lead must 
therefore be regarded as very probably a mixture of different 
atomic isotopes (RaB, RaD, RaG, and others) and the obvious 
question arose whether the ordinary chemical elements which are 
not radio-active might still be such mixtures of kinds of atoms of 
similar chemical character but different atomic weight. Strange 
though this assumption appeared at first, it has been fully con- 
firmed by the investigations, which quickly became famous, of 
Aston, a pupil of J. J Thomson.'^* The latter had already de- 
termined the ratio e jm by magnetic and electric deviation ex- 
periments for canal rays (positive corpuscles). Aston succeeded 
in so perfecting the method, that he was able to determine from 
the position of the deviated rays, the mass of the particles to the 
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third and even the fourth figure exactly, the charge being regarded 
as given. 

It now appeared, the first case being that of the noble gas 
neon, that the position of these points does not correspond, in 
the case of a large number of elements, to the chemical atomic 
weight, but that in place of this we generally have several points 
for each single element, the masses being whole numbers closely 
approximating to the chemical weight. Neon, for example, has 
the chemical atomic weight 20.2; but in Aston's 'mass 
spectrograms' (figure 22, opp. page 133) it gives a point at 
m = 20 and one at m = 22 (the points seen on the figure in 
the first column come from other gases). In the case of 
chlorine, likewise, Aston found no point corresponding to 35.4, 
the chemical atomic weight. But he found points at 35 and 37, 
and also two at 36 and 38, which he ascribed to the monovalent 
ion HCl. In this way, by far the greater number of the elements 
of chemistry were found to be mixtures, only a few (carbon, 
nitrogen, fluorine, sodium, aluminium, phosphorus and arsenic, 
perhaps also iodine) appeared to be pure elements, that is to 
contain atoms of only one kind. Many contain a quite sur- 
prising number of isotopes (thus, for example, 8 of mercury are 
knowm); generally speaking the number appears to increase with 
increase of atomic weight. 

We may further say a word here concerning the remarkable fact, that 
in spite of so many elements being undoubtedly mixtures of isotopes, the 
chemical atomic weights have hitherto always been found to be constant. 
This fact had always been taken, since the time of Dalton and Berzelius, 
as a proof of the identity of all atoms of the same element. Specimens of 
elements of entirely different mineralogical and geological origin have been 
investigated with great care to discover whether slight differences in the 
atomic weight might not be present, wliich would indicate that the elements 
in question had been formed under somewhat different conditions, and 
hence were perhaps made up of isotopes in somewhat different proportions. 
The results so far, apart from the case of lead referred to above, have always 
been negative, or at least not positive with any certainty. This result 
leads almost necessarily to the conclusion that our chemical elements 
found to-day on the earth were formed together at a certain time, and have 
only separated subsequently. But it still appears possible that sooner or 
later a case will be found where the same element shows a different weight 
according to its origin, as is actually the case with ordinary and uranium 
lead . 

Ihe physical separation of isotopes has recently been accompli.shed 
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successfully in a few cases. The chief method is that of the diffusion of 
gases, since in them the velocity of the atoms depends upon the atomic 
weight. For example, chlorine gas has been separated into two parts of 
different atomic weights. By similar means it has been shown that the 
weak radio-activity of .potassium is due to a small quantity of an isotope 
of atomic weight 41, while the isotope of atomic weight 39 which forms 
the chief constituent is not radio-active. The first isotope can be enriched 
by distillation, whereupon the radio-activity increases. 


The new knowledge which has thus been won, opens the way 
to a physics of the atomic nucleus, although we have to-day, it is 
true, very little satisfactory material for it. The fact of isotopy 
proves at least this much, that the same resultant nuclear charge, 
upon which alone the position of an element in the periodic 
system depends, may be obtained in different ways, and hence 
with different internal structure of the nucleus. But what the 
elements of this structure really are, is a matter about which we 
know very little. The fact that so many radio-active elements 
throw off a-particles (helium nuclei) suggests that such particles 
are already present in the nuclei of the heavier atoms. On the 
other hand, the single atomic weights as determined by Aston 
appear to be almost exactly whole numbers. This gives a new 
weight to the hypothesis first put forward in 1815 by the Enghsh 
physician Prout, but later given up on account of the apparent 
deviation of atomic weights from whole numbers, the hypothesis 
that hydrogen (H = i) is the fundamental element, out of which 
all others are built. In this sense, Rutherford calls the hydrogen 
nucleus a proton, and regards all larger atomic nuclei as built 
up of it and electrons, so that we should now be reduced to two 
original elements. 

This hypothesis Rutherford supported by experiments, which 
have become famous under the name of the * disruption of atoms.' 
He ‘bombarded' substances such as paraffin, which contains 
along with hydrogen atoms carbon, nitrogen, and other atoms, 
with the a-rays of RaC, which have the greatest energy of all 
known corpuscular rays. He then observed, using Wilson's 
method, that in the rare cases of the collision of such a-particles 
with the other atoms, the a-particles were strongly deflected, 
and at the same time secondary rays proceeded from the point 
of collision (figure 23, opp. this page), which upon investigation 
by means of electrical and magnetic deviation, turned out to be 
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hydrogen. These particles appeared very plainly in nitrogen, but 
were absent in the case of elements the atomic weight of which 
was divisible by four (carbon, oxygen and others). Rutherford 
concluded from this, that in the latter the protons, if they are 
present at all, are present in groups of four, that is, in the form of 
helium nuclei (a-particles); which are so stable that they can 
even resist the energ}^ of the RaC particle, whereas, in the 
nitrogen atom, for example, one or two single protons are present, 
which can, so to speak, be shot out of it by means of the RaC 
particle. 

Later investigations (Kirsch and Petterson) appear to show 
that the energy" of these atomic fragments is greater than the 
difference between the energy of the RaC particles before and 
after the collision, so that it must be derived at least in part from 
the nucleus itself. These experiments w’ould therefore be 
interpreted as artificial radio-activity, and the blow would only 
be the cause of release. Among atoms which could be shattered 
in this sense were those of boron, nitrogen, sodium and aluminium. 
The central blows necessarj’ for this happen very rarely. Ten 
million RaC particles produce in the case of boron only about 
three, of nitrogen about fifteen, of sodium about three, and of 
aluminium about twenty destructive collisions. 

Apart from this method, the attempt is being made to-day to 
discover the secret of the nucleus by careful statistical investiga- 
tion concerning the distribution of the isotopes in the different 
parts of the periodic system, by finding certain empirical rules 
concerning the numerical values of the atomic weights of isotopes, 
and by other methods. But taking it altogether, it must be said 
that the physics (which would better be called the chemistry) of 
the nucleus is still only just beginning to be developed. For 
this reason, we cannot assert yet with any finality that the 
assumption of two original elements, proton and electron, will 
suffice to develop the system of the nuclei, when the principle of 
construction has been actually found. But we can nevertheless 
regard it as very probable, and assert with assurance, that some 
kind of common units will be found at the basis of all kinds of 
atoms, since without this supposition the whole body of facts 
represented by radio-activity and isotopes, and nuclear structure, 
would be incomprehensible. For our further discussion we shall 
make use of the hypothesis, which is exceedingly probable, that 
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protons and electrons are the only fundamental elements. If 
the further progress of nuclear physics should make necessary 
some other statement of these fundamental assumptions, it would 
not in any way change our conclusions. 

We may describe the last statement as the highest point which 
has been reached by chemical science in the analysis of the nature 
of matter. It is as good as certain that it will carry us a few 
steps further, but the reader will have already noticed that these 
steps cannot be many in number, after the three-quarters of a 
million of known chemical individuals have been reduced to 92 
different kinds of atoms, these again to mixtures of isotopes, the 
single isotope finally to structures of proton and electrons, leaving 
us with only two fundamental kinds of matter. As regards the 
latter, we can further make the following statement. The nucleus 
determines, as w^e have explained, the place of the element in the 
periodic system and thus the chemical nature of the element. 
vSince the single isotopes only differ as regards their mass, being 
chemically and also spectroscopically identical (see below), it 
follows that the chemical and spectroscopic properties can only be 
functions of the electron system surrounding the nucleus, since 
this is always the same for all isotopes on account of the equal 
charge of the nucleus. As we shall see later, it can be asserted 
with great probability that only the external regions of this 
electron system determine the properties in question. In all 
likelihood, the electrons belonging to the system are arranged in 
several rings, or 'shells,' or levels, and only the most external of 
these is concerned in chemical processes, and in the ordinary 
emission of light. 

This point of view suddenly throws surprising light on the old 
chemical paradox of which we have been aware since the time 
of Boyle, that nothing is seen of the properties of the elements 
when these are present in compounds, although they must be 
assumed to be existing. In actual fact, only the external regions 
of the atom change during the chemical processes of combination 
or decomposition, although this change is a very thorough one, 
while the interior of the atom, that is the internal shells, to say 
nothing of the nucleus, remain quite unchanged. We thus have 
an explanation both of the complete change of chemical and 
physical properties and of the retention of chemical nature. 
We are now able to say to what extent the atom remains the 
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same, and to what extent it is changed, when it combines chemi- 
cally with another atom. 

^!^en we now finally view the whole matter from this stand- 
point, we find that modem chemistry has approached very con- 
siderably nearer to the old Aristotelian doctrine of substance and 
form which so long deluded the alchemists of the Middle Ages. 
If all elementary atoms consist of the same two fundamental 
components proton and electron, it is in fact only differences of 
form, namely the arrangement of these components in the nucleus 
and the external rings of the nuclei which finally determine all 
differences in matter. The number of qualities to be ascribed 
to matter as such (the two fimdamental substances) is already 
reduced to a minimum. Charge -t- e or- e, mass of the proton 
(hydrogen nucleus) M = 1.63 quadrillionths of a gram, mass 
m of the electron = i /1800 M; this is all that we need in the way 
of substantial qualities for the structure of the physico-chemical 
world. 

To these, however, we must add the field laws, that is the 
relationships which connect substances together and decide their 
interactions. In the theory of Bohr, w'hich is stiU usually made 
use of, it is assumed that the two elementary charges act upon 
one another with the electrostatic forces of attraction and re- 
pulsion, according to Coulomb’s law; and that when in motion, 
they obey Maxwell’s laws of electro-magnetism on the one hand, 
and the fundamental mechanical laws on the other. To what 
extent these are really appropriate ideas is more than doubtful. 
Whatever may be the true state of affairs, it is certain that some 
such mutual relations must be present between protons and 
electrons, which explain on the one hand the structure of atomic 
nuclei and electron shells, and on the other hand the macroscopic 
electric, magnetic, gravitational, and other forces. At this point 
the fundamental problem of chemistry is linked with that of 
physics, as we already foreshadowed in the introduction. We 
must now therefore turn to the further development of the theory 
of fields of force in physics, and then conclude by considering 
the relations between the field and atomically divided matter 
as far as they are clear to-day. 
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THE RELATIVITY THEORY AND THE GENERAL 
THEORY OF FIELDS OF FORCE 

It is necessary to go into these matters, since we are now 
embarked upon discussions, in which the boundary between 
physics and philosophy ceases to be clear, and which also carry 
us far into the old question of our view of the world. In order to 
realise the necessity by which physics was led to these problems, 
we must first recollect that Maxwell’s theory had made of the field 
something really existing; and since such fields could without 
doubt also exist in empty space, it was either necessary to regard 
the latter as something real, or to regard it as filled with a real 
something, which carried the fields. The ether of the hght theory 
therefore returned, as we have already stated, in the form of an 
electro-magnetic medium. This immediately raised the further 
question as to how processes of an electro-magnetic or optical 
nature (now one and the same thing) take place, when the media 
in which they are occurring move relatively to the ether, as must 
certainly be the case, for example, on account of the earth’s 
motion round the sun. This appeared to present the possibihty, 
so long sought for in vain, of determining the absolute velocity of 
the earth’s motion (see page 52 ff.). In view of the fundamental 
importance of this matter, we must deal with it in somewhat 
greater detail, although this cannot be done entirely without the 
use of mathematics.’® 

Imagine a light ray sent from A to B (figure 24) and reflected 
back to A by means of a mirror at B. If the length of A B = a, 
the velocity of light c, we have for the time required for the 

2(1 

passage of the light to and fro t= Let the whole path AB 

c 

(figure 24a) move in the direction AB with the velocity v, so that 
the mirror B runs away, as it were, from the ray moving tow'ards 
it, while the returning ray is met by the obseiw^er A at *1'. *1' 
and B' represent the positions of A and B after motion. It is 

137 



FORCE AND MATTER 


138 


then easily shown that the total time required for the to-and-fro 
passage is not the same as before, but 


2a 

c 


t 


1 

1 — 


in which the fraction v jc, that is the ratio of the velocity of 
motion to the velocity of light, is designated by /S. If on the 
other hand, the whole path AB moves at right angles to itself 
with a velocity v (figure 24b), the light has to take a transverse 



Fig. 24a Fig. 24b 

course, in order to return to the observer at A, we then get for 
the total time the expression* 

The two values t* and f are thus not equal, but different from 
one another and from the original time /. With the help of a 
sufficiently accurate measurement of time, it should be possible 
to detect this difference. In practice the experiment is carried 
out by dividing a ray of light into two parts, which are arranged 
to follow two exactly equal paths at right angles to one another, 
and on their return along these paths, to interfere with one 
another. If the whole apparatus is first set up so that one of 


♦ Let the light take time in going, and ^2 returning. 

1. In time /j, B move.s through a distance vii to B', so that the ray has to travel 
a distance a -f vii. On the other hand, the distance to be travelled is cti Hence 

c/j = a + vii, from which it follows that /j « — . In the same way, we get for 
a c - V a a 

the return time to = , and for the total time t « L -f /« *= H 

2 ac _ 2 a 

- i>2 c - V'^ 

2. If /a is the time for the one path, this (AB') c i^. This is the hypotenuse 
of the right-angled triangle ABB', the sides of which AB a and BB' *= vt^ 

Hence IcU)^ = ^ (t,/ )2 jhus /g® (c^ - v^) « a^, and therefore 

2a 2a c I VC* - »*' 

and /' - 2t, = ^ 
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these two directions coincides with the earth's motion, and is 
then turned round through 90®, the interference image must be 
displaced. The experiment was first carried out by the American 
scientists Michelson and Morley (1887), the arrangement being 
sufficiently sensitive to show an effect ten times smaller than that 
which we should calculate theoretically from the earth's motion. 
The result was completely negative. The difference of time 
sought for does not exist, and here again we are disappointed 
in our attempts to measure velocity of the earth by measurements 
made upon the earth itself. Repeated experiments of this kind 
with the most refined means of modem technique have always 
given the same negative result.’’ 


We might at first suppose that this could be quite simply 
explained by supposing the earth to move as a whole relatively to 
the ether, but to carry along with it the ether in its immediate 
neighbourhood, just as a sphere moving through a stationary 
liquid carries with it a layer of liquid close to itself. But this 
idea unfortunately contradicts another experiment which w^as 
made in 1851 by Fizeau. Fizeau investigated the velocity of 
light in a moving liquid. Contrary to his expectation, he found 
neither that the velocity of motion of the liquid w^as simply added 
to that of the light moving in the same direction, nor that it had 
any influence on the velocity of the light. The light w’as found to 
be carried along by the flowdng liquid, but only with a fraction 
of the velocity of flow. This fraction is given by the expression 

V where v is the velocity of flow and n the index of 

refraction of the liquid against a vacuum, or wffiat is the same 
thing, the ratio of the velocity of light in empty space to that 
in the stationary liquid. Now n for air is only slightly greater 
than one (1.000294), and the value of the quantity in the bracket 
amounts to about 0.0006. If w^e thus apply the result of Fizeau 
to the atmosphere of the earth, w’e find that the motion of the air 
through the ether of space cannot carry the latter with it to any 
considerable degree, or what is the same thing, in the Michelson 
experiment we can neglect a drag on the ether. But it should 
then give a positive result. 


If in spite of this we are not willing, as some modem opponents 
of the theory of relativity are, nevertheless to retain the idea of 
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ether drag (with the assumption that the great mass of the earth 
has an altogether different effect upon it than the small mass of 
water which circulates in Fizeau's experiment), the next resource 
is offered by the idea that light, like a projectile, may take with it 
the velocity of the body emitting the light. This hypothesis, 
worked out by the Swiss physicist Ritz, unfortunately comes to 
grief on other difficulties, chiefly that of explaining the Doppler 
effect (see page 276). It could not be maintained, and has been 
generally abandoned to-day. 

In this difficult position, which was strongly felt by physicists 
round about 1900, a brilliant idea of H. A. Lorentz appeared to 
offer salvation. Lorentz assumed that the motion of matter 
through stationary ether may have the effect of shortening all 
lengths, including the diameter of molecules and even electrons, 
in the direction of motion by the fraction yi We imme- 

diately see that if we put instead of a in the formula for the 
fraction a y'l - /j2^ then t'* (Lorentz’s contraction hypothesis). 
This hypothesis is not in itself so fantastic, when we consider that 
all substances are supposed ultimately to consist of electric 
charges, which are surrounded by an electric field, and therefore 
motion of these charges relatively to the field-medium (the ether) 
might very well result in forces which would effect this contraction. 
But it had naturally the objectionable character of being a 
hypothesis produced ad hoc, and one which, furthermore, could 
never be proved, since all measuring rods suffer the same 
contraction. 

For this reason, Einstein, in 1905, gave another solution, which 
then developed in a very short time into an astonishing structure 
of theory. According to Einstein, the error lies in our conception 
of time. We ordinarily imagine all processes to take place in the 
world according to one single time. If there were a great clock 
in the universe, we suppose that every event would take place at a 
quite definite time as given by it. The fact that we are only 
able to compare our determinations of time made at different 
points in space by sending signals, does not alter this conception. 
For the time which is required to send the signal can be brought 
into these calculations if we know the distance and the velocity 
of propagation of the signal. If an observer, for example, wishes 
to compare his clock with that of another observer by means of 
light signals, he only needs to divide the distance by the velocity 
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of light c, in order to know the time taken by the signal. If he 
deducts this time, he can compare his clock directly with the other 
one. 

Einstein abolishes the whole of this assumption, which appears 
self-evident to the layman, and had hitherto appeared the same 
to the physicist. According to him, the comparison of two 
clocks cannot simply be made by taking into account the distance 
existing between the two at the moment. The relative state of 
motion of the two clocks enters into the matter, that is to say, 
it is a question of whether one possesses a velocity relatively to 
the other. There is no general world time, but only times for 
each observer. These can, however, all be related to one another, 
but only by taking into account the relative motion of the ob- 
servers. Only when this assumption is made, as Einstein shows 
mathematically, can the requirement of fundamental relativity 
of motion be carried out electro-dynamically and the negative 
results of the Michelson experiment be explained. If it is im- 
possible to determine absolute motion also by means of optical 
(electrical) processes - and Einstein makes this the first and 
fundamental postulate - it becomes necessary to develop another 
theory of kinematics (see page 45). The final reason for this is 
that the constant c is actually a peculiarity of empty space, which 
according to Einstein is really empty. If this does not represent 
any physical property of an ether, it becomes necessary to make 
it into a kinematic property, that is to say belonging to our space- 
time scheme in itself. 

In mathematical language the requirement is as follows: If x, y, z, is a 
three-dimensional co-ordinate system of an observer, t being the time 
measured by him on a clock, and x\ y\ z\ V are the corresponding mag- 
nitudes for a second observer, and if the two systems and observers are 
moving relatively to one another ^ith the velocity v, all laws of nature 
must retain their mathematical form when we pass from one system to the 
other. But this is only possible on the basis of Maxwell's electro-magnetic 
equations, when the transition from one s\^stem to another is expressed 
by formulae, in which the ratio of the relative velocity to the velocity of 
light plays a part, and in wliich t' is not equal to 

The most striking point is, first of all, that the time is also 
transformed (/' is not equal to i). That is to say, every obsers^er 
has his own time, and therefore two events at different places 
which are simultaneous for one observer, are not so in general for 
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the other. It is extremely difficult to grasp this idea, since the 
notion of a universal world time {tempus absolutum, quod 
aequahilHer fluit, says Newton) is in our blood. The kind of 
mental revolution is necessary which must have been required 
of the contemporaries of Copernicus. The Lorentz contraction 
(see above) follows as a consequence, but only with the sense that 
a rod, which retains for an observer moving with it the length I, 
experiences an apparent shortening (to the extent ly /\ — ^^*) for 
another one, moving relatively to him. This is not brought about 
by a physical cause through forces exerted by ether on matter, 
but appears thus for the purely kinematic reason of relative 
motion. 

I cannot here omit a remark concerning what I feel to be the 
effects of much popular literature concerning the relativity theory. 
It is a general custom, even on the part of scientists - for 
Einstein’s own popular statement’* is not free from it - to lay too 
great a stress on these paradoxes which result from the theory of 
relativity, with the result that the layman, who naturally at first 
cannot take them in, believes that the whole theory of relativity 
is incomprehensible to him. This does a serious injury to the 
theory of relativity itself. 

The emphasis ought rather to be laid upon the alternative 
expressed in the question whether c is a physical or a kinematic 
constant. The first means that space, in the sense of Maxwell’s 
theory, is capable of exhibiting physical states (fields), which are 
then propagated with the velocity c. The development of this 
conception necessarily leads to the absolute theory, and hence 
to the invalidity of the classical principle of relativity (page 53) 
for the phenomena of electro-dynamics and optics. The actual 
impossibility of determining absolute motion relatively to the 
ether must then be explained by accessory hypotheses (drag of the 
ether by the earth, but not by objects moved on the earth; or by 
the Lorentz contraction). On the other hand, we have Einstein’s 
solution, which makes c an inherent property of the space-time 
system as such. But this obviously means not only that c, strictly 
speaking, enters into the formulation of all physical laws, in- 
cluding those of mechanics, but the conclusion must also be 
drawn that, since c is without any doubt the fundamental constant 
of electro-magnetism, the latter belongs directly to the fundamen- 
tals of reality (see below, pages 194 ff.). 
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The theory we have just described is called the special theory 
of relativity. As we have seen, a number of interesting conse- 
quences follow from it, but these are put in the shade by those 
which follow from the extension of his theory made by Einstein 
in 1915, the so-called general theory of relativity. The transition 
to this extended form was given by the mathematical restatement 
by Minkowski of Einstein’s original theory. In his famous 
lecture on ‘Space and Time’ which he gave at Cologne in the year 
1908, Minkowski showed that the new kinematics of Einstein 
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could be represented in a very clear and elegant form as a kind 
of four-dimensional geometry, by simply treating time as a 
fourth co-ordinate along with the three co-ordinates of space 
X, y, and z. This world-geometry is, however, only a pseudo- 
euchdian system.*^® 

In order to make these ideas intelligible to readers who are not 
familiar with them, we may look upon the matter as follows. 
A motion may be one-, two-, or three-dimensional, that is, it may 
be limited to a line or surface, or it may have the whole of space 
at its disposal. An example of the first case is the motion of a 
railway carriage on the rails, or that of an ordinary pendulum 
which is confined to the arc of a circle, for the second case we have 
a skater upon the ice, a stone rolling down a hillside, or a conical 
pendulum (which has the surface of a sphere). As example of 
motion with 'three degrees of freedom’ we may take a bird or an 
aeroplane. In order to determine the position of a moving point, 
we require in the first place one, in the second case two, in the 
third case three co-ordinates {x, y, z). Let us now take the 
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simplest case, a linear motion, for example the usual motion of a 
pendulum (figure 5, page 80). If the distance of the pendulum 
from the middle position is x, then x is represented graphically, 
as a function of the time, by a sine curve (figure 25). In this 
figure, we see at a single moment, adjacent in space, what in 
reality is a succession in time. This has been effected by taking 
time as the second co-ordinate, the displacement x being the first. 
Motion in a single dimension thus appears as a two-dimensional 
^ picture. But exactly the same is also true 

for higher dimensions. Motion in a plane, 
„ for example, taking place uniformly in a 

J .j circle could be represented as a curve in 
: \ !l space, by setting up the axis of t vertically 

m at the middle point of the circle. The 
graphical picture of this circular motion 
would then be a screw line (figure 26). In 
; ** [ general, ^^-dimensional motion gives us an 

(w -f i) - dimensional picture. 

In exactly the same way, the Einstein- 
Minkowski theory regards all three-dimen- 
sional motion as a 'world-line' in four- 
dimensional space. This however is not 
— ►X simply the four-dimensional analogy of our 
ordinary three-dimensional space, since the 
Fig. 26 fourth co-ordinate, time, must be regarded as 

Helical line representing imaginary, if the matter is to be treated 
circular motion ^^iis way. Treatment of it on complete 

equality with the space co-ordinates, such as is often given in 
popular statements of the theory of relativity, does not take place. 
Rather, the magnitudes dealt with can be sharply divided into 
'space-like' and 'time-like.' But this does not prevent space 
and time being fundamentally inseparable, which fact is made 
still more evident, when we give up the condition that the four- 
dimensional space is to be euclidian. For then we actually get 
time as a real fourth co-ordinate quite analogous to x, y, and z. 
But space ceases to be euclidian. What is the meaning of this ? 

In order to understand this notion better"^® let us imagine for 
a moment a being having only two dimensions (length and 
breadth) but possessing intelligence. If such beings hved on a 
plane, they would discover our geometrical theorems, such as 
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that of Pythagoras, for plane geometry. They would further be 
acquainted with the concept of a straight line, and if they were 
accustomed to working with systems of co-ordinates, they would, 
like ourselves, represent a straight line by an equation of the 
first degree [ax ^ by — c), A particularly clever specimen of 
these 'flat-heads' might then arrive at the idea of imagining 
three-dimensional space and operating in it with a three-fold 
system of co-ordinates [x, y, z). The 'space' of his world, that is 
to say what we call a plane, would then be represented by an 
equation of the first degree in x, y, and z, [ax by + cz ^ d), 
just as in our own analytical geometry of space. 

If such two-dimensional beings, on the other hand, lived on 
the surface of a sphere, their geometry would be entirely different. 
They would define a straight line as the shortest way between 
two points of the sphere, that is, as an arc of a great circle, and 
would then be able to work with triangles, etc. (our spherical 
triangles) but naturally they would find quite other fundamental 
rules. For example, the theorem of Pythagoras would not hold 
(there could be no such thing as a square) nor would the sum of 
the angles in a triangle be equal to two right angles. But if we 
imagine their sphere to be very large, that is to say, very slightly 
curved, they might after all arrive approximately at the laws of 
euclidian plane geometry, as long as they did not move over too 
great distances. They would then only discover the curvature of 
their space when their measurements became sufficiently exact 
and extensive, and then they would be able to determine it 
numerically. Naturally, however, the mathematician who 
lived on the plane could invent spherical geometry, while the 
corresponding spherical genius could invent euclidian plane 
geometry. 

This whole argument may now easily be transferred to higher 
dimensions. The two-dimensional mathematician can construct 
our three-dimensional space, and represent his own plane as the 
trace of an equation of the first degree of three variables, and the 
spherical surface of his colleagues on the sphere as the graph of the 
equation x^ y^ + z^ — In the same way, we can rise in 
thought above our own three dimensions, and imagine ourselves 
in a four-dimensional space with the co-ordinates, x, y, z, and w, 
and we see that our euclidian space would again be represented 
by an equation of the first degree of these four variables 
Ls 
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{ax by-\- cz + du = e), but that other three-dimensional figures 
may be placed alongside it, which correspond to other equations 
(for example, it* + y® + «* + =r*, the four-dimensional hyper- 
sphere). These other non-euclidian spaces are then curved, as 
contrasted with our plane space, and the geometry which would 
hold therein can naturally be fully worked out, although we are 
just as little able to form a mental picture of it, as the ‘plane’ 
mathematician could of the spherical surface, or conversely, 
either of them of our three-dimensional bodies. 

The problem whether our space may not even be curved in 
reality, and euclidian geometry be only an approximation for us, 
because the distances which we measure are too small, is often 
discussed. Gauss, in order to decide this question experimen- 
tally, measured as exactly as possible, and taking into account 
all possible sources of error, as large a triangle as possible (Brocken, 
Inselberg, Hoher Hagen), but could not find a difference between 
the sum of the angles of the triangle, and two right angles, which 
exceeded the limits of error. We shall return almost immediately 
to the question as to how far experience can decide a question of 
this kind. In any case, we must first consider the possibility 
that our geometry may not be, as generally assumed by 
epistemology since Kant’s time, certain a priori, but rather a 
kind of ‘physics of space,’ which has always been maintained by 
empiricism as against Kant’s view. It is true that, even if 
regarded in this way, this physics of space would always occupy 
a position completely separate from aU other physics, since the 
physical laws would still do no more than fit into the frames of the 
geometrical, without having any inner connection with them 
(see page 53). 

The genius of the chief creator of ‘metageometry,’ Riemann, 
conceived the possibility, that the last mentioned, widely held 
idea might perhaps be wrong, and that the ‘basis of the metrical 
relationships of space’ might rather be found outside the latter 
itself, in ‘binding forces acting upon it.’*® But it was not until 
seventy years later that this idea was carried into practical effect 
by Einstein. In order to understand this achievement, we must 
first be clear about the way in which Riemann enlarged the 
concept of space. We supposed just now the mathematicians 
living on the plane or spherical surface to be capable not only of 
working out the geometry of their two-dimensional ‘metric field,’ 
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as we will now term it, but also of constructing other such 
geometries than their own, by calling to their aid a three-dimen- 
sional field (our space) and interpreting any equation whatever 
between the three co-ordinates of it, x, y, z, as a two-dimensional 
field, which in general would be curved. In every such case, 
however, ordinary (euchdian) planimetry is valid on an infinitely 
small scale on such a surface, no matter how strongly, and accord- 
ing to what law, it is curved; in other words, it is valid to any 
degree of approximation, if we only limit ourselves to a sufficiently 
small region. (A small part, for example, of the surface of a 
sphere can be regarded as plane.) 

Now this argument, as we have already indicated, may be 
applied to our space of three dimensions, and it is upon this fact 
that Riemann's achievement depends. According to him, the 
concept 'three-dimensional space’ is to be enlarged so as to include 
all possible spaces, but so that nevertheless ordinary euclidian 
geometry holds in every case upon an infinitely small scale. This 
has been rightly regarded as a parallel achievement to that of 
Maxwell and Faraday in physics. Just as these replace Newton’s 
action at a distance by direct action (or an integral law by a 
differential law), so Riemann requires euchdian laws in geometry 
only as differential laws (for the infinitely small scale) and thus 
obtains for the integral law, that is for regions of finite size, the 
freedom of every imaginable kind of three-dimensional geometry. 

From this point to the summit, only two further steps are 
required. The first is the inclusion of time according to the 
method given by Minkowski. The relativity theory really deals 
not with space, that is with geometry alone, but with kinematics. 
In the special theory of relativity, as we have shortly indicated, 
we have already arrived at a semi-euclidian system when the 
time is introduced as a real co-ordinate. The three-dimensional 
sub-space, x, y, z, that is, space alone, is not curved, but euclidian 
or plane, and the whole region becomes euclidian, as we have 
said, when an imaginary time-co-ordinate is introduced. The 
matter becomes altogether different from the standpoint of the 
general theory of relativity. Here neither the kinematic totality 
nor space alone has a definite pre-determined character. Just 
as little as Riemann postulates only one non-euclidian geometry, 
does Einstein postulate only the one (non-galilean) kinematics of 
the special theory of relativity. On the contrary, we have an 
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infinite number of such non-galilean systems. And when 
Riemann inquired after the ‘binding forces’ which determine the 
metrics of space (the metrical field), Einstein answers that these 
binding forces are the gravitational forces. The kinematics 
which hold here in my neighbourhood depend upon the distribu- 
tion of matter around me, and only where the gravitational field 
is ‘homogeneous’ do we have the kinematics of the special rela- 
tivity theory. 

The time-space relationships are therefore a function of matter, 
and thus geometry, or rather kinematics, has become for the first 
time a physics of space, and indeed a part of physics itself. There 
is therefore no such thing as a generally vahd kinematics (and 
geometry) but we have ever3rwhere a particular kinematics which 
is determined by the existing distribution of matter. In other 
words, the metrical field is a function of matter in exactly the 
same sense as an electric or magnetic field is a function of neigh- 
bouring electric charges or magnetic poles. Just as without the 
latter no electric or magnetic field exists, so without matter no 
metric field exists, that is, no space or time. These latter, far 
from being empty, a priori forms of cognition, are actually as- 
similated to the physical ‘thing.’ The world becomes space, 
time, and matter, as a single inseparable unity. 

This brings us to the highest point, and we will now proceed 
to look around, seeing much that is known in a new light, but 
other things that are quite new. In the first place, we have the 
whole complex of questions, which may be summed up by the 
names of Kant and Einstein. If nothing else should permanently 
survive of the relativity theory, it has at least to its credit the 
historical achievement of compelling us at the present day once 
more to investigate thoroughly the problem of space and time, 
instead of relying, as was the custom in very wide circles, upon 
Kant’s authority. The relativity theory has, in my opinion, 
also brought us a step forward in matters of fact beyond Kant. 
The purely speculative ‘metageometry’ which was developed 
after the time of Bolyai, Lobachevski and Riemann was 
restricted to pure mathematics, and hence was not capable of the 
achievement of the general theory of relativity, which regarded 
as a physical reality what metageometry had merely put forward 
as a possible construction of the imagination. We are obliged to 
conclude from it that our view of space and time corresponds 
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objectively to some properties of physical reality, exactly as our 
sensation of light corresponds to appropriate waves, of our sense 
of heat to molecular motion, and that we are no longer in a posi- 
tion to assert the sole vahdity of euchdian geometry merely 
because our view of things is bound up with it. It is simply a 
matter of using our minds to free ourselves from this prejudice 
derived from experience, as from so many other similar prejudices. 

Kant saw quite correctly that space and time, as ‘forms’ of 
sensation, are just as much of an ideal and subjective nature, as 
colours, sounds, heat, etc. (as opposed to Locke’s distinction 
between primary and secondary qualities). His mistake was to 
believe himself obhged to link this view (whether as reason or 
consequence) with the doctrine of the ‘apodictic vahdity’ of the 
geometrical axioms, which for him were self-evidently the 
euchdian. About this there can, in my opinion, be no doubt, 
and the present-day disciples of Kant should not give themselves 
so much trouble to avoid the recognition of the fact that Kant’s 
demonstrations faU to the ground for the most part, as soon as 
the general relativity theory leads us to recognise that euchdian 
geometry, in certain cases, is not even one among many possible 
geometries, but actuaUy false. 

Not only did Kant never suspect this, he started his whole 
argument from the simple vahdity of euchdian geometry. This 
vahdity did not mean for him merely vahdity in immediate 
experience - against which there would be as little to be said as 
against the assertion that colours appear to us subjectively as 
arranged in a circle, while objectively or rather physicahy, they 
form a linear succession. On the contrary, Kant, without any 
question, simply deduces from the assumption of the (subjective) 
pure form of perception, the vahdity of euchdian geometry for 
the whole extent of our knowledge of empirical reahty. 

This can certainly not be made to agree with the general theory 
of relativity. For according to it, euchdian geometry is only 
valid approximately, because we are limited to a comparatively 
small region of the objective, non-euclidian world. For this law, 
which undoubtedly makes good sense, there is simply no place 
whatever in Kant’s theory - at least if we take Kant’s own theory, 
and not its form as given by his modem supporters - because in 
this department, as in every other, it joins together inseparably 
the reahty of the object of knowledge zind the certainty of 
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judgments of knowledge.®^ This finally depends upon the 
fundamental error of all idealism, using the word only in the 
epistemological sense, that it neglects too much the part played 
by the object in the bringing of knowledge into being. However 
that may be, for the theory of relativity the question as to what 
space-time scheme really holds in individual cases can only be 
decided on the basis of physical experience. Though immediate 
space-time experience, like the qualities of sense, may only exist 
as such in the subject, the world is itself determined in some 
way, possessed of some kind of manifold order, which, though it 
allows our space-time experience to be euclidian in normal cases, 
nevertheless compels us to apply to the world as a whole the super- 
euchdian scheme, and thus to raise ourselves above the narrow- 
ness of our immediate experience, in a similar manner to that in 
which we do so, as regards the circle of colours, by means of the 
scale of wave lengths (see pages 1178.). 

These few short remarks do not, as I am well aware, by any 
means exhaust the problem. Whoever wishes to study the 
matter more closely must read a small library of special literature. 
In doing so we observe the very curious fact, that both opponents 
and friends of the relativity theory are to be found in all philoso- 
phical camps. Even in the positivist camp of Mach's followers, in 
which direction Einstein himself has a strong tendency, we find 
along with such enthusiastic followers of relativity as Petzoldt, 
some decided opponents, who condemn it as useless mathematical 
speculation exactly from the point of view of the pure empiricism 
which they uphold. Among these opponents was to be found, 
as appears from posthumous publications, Mach himself, who, by 
the way, was also while he lived a sharp opponent of all meta- 
geometry. Opponents of this kind are, it is true, exceptions 
on this side. Generally speaking, the conviction is held that the 
relativity theory is nothing but Mach's philosophy turned into 
physics. This is all the more natural because Mach himself 
actually anticipated a very important notion in the theory of 
relativity on the basis of his fundamentally empirical point of 
view (see page 53). 

But I fully agree with Geiger when he points out that the 
positivistic friends of the relativity theory only see its destructive 
side. They usually lose sight of the fact that the theory, by 
relati vising observation, proceeds to determine a set of facts 
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entirely independent of any subjective point of view. Much the 
same must have been the experience of those who were the first 
to discover the spherical shape of the earth. Here it is the 
notions 'above' and 'below' which lose their absolute significance, 
simply because a generally valid fact, the direction of gravity 
towards the centre of the earth, is brought to light. 

On the other side, Neo-Kantianism (Idealism, Phenomenalism) 
is fairly divided in opinion. While a number of its supporters 
approach the relativity theory for the present with more than 
critical caution, and in any case reject it without question in so 
far as it contradicts Kant's doctrine, a number of others (Sellien, 
Cassirer) have taken great trouble to show that Einstein 
finally brings us nothing but a new development of Kant's 
programme. I have already indicated that I do not agree with 
this assertion, but cannot go further into the matter here, 
and must refer the reader to the statements by Wintemitz and 
Reichenbach. 

Between apriorism based on Kant, and pure empiricism based 
on Mach, we have a group of later epistemologists, which have 
been suitably termed 'conventionalists.' According to them, 
physical knowledge only comes into being on the basis of certain 
definitions and conventions, which are arbitrary within certain 
limits, their choice being mainly determined by the principle of 
economy of thought. Thus according to Poincare, who has 
recently been joined to a certain extent by Dingier (see, however, 
below), euchdian geometry is neither a priori in Kant's sense, nor 
a posteriori in the sense of naked empiricism, but it is simply the 
most convenient geometry, and hence the basis which our thoughts 
involuntarily make use of, in forming judgments concerning the 
spatial qualities of bodies. In particular, a body as 'rigid' body 
~ and thus as foundation for a cartesian system of co-ordinates - 
is judged according to the way in which it fulfils the laws of 
euclidian geometry, but these are not conversely, as empiricism 
maintains, read off from it purely receptively. 

In this camp also there are both friends and opponents of 
relativity. While Dingier himself rejects it as a superfluous 
speculation which only complicates matters unnecessarily, it is 
regarded by others, more or less, as the simpler system, and hence 
as that depending upon more useful conventions. This view is 
taken by Carnap in a recent paper in the Kantstudien, to which I 
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shall have to return later. Here we draw particular attention 
to his dissertation on space, in which the whole problem of space 
is developed with altogether extraordinary clarity. Carnap has 
shown particularly plainly, that the whole question deals with 
three concepts of space which must be carefully kept distinct: 
first, the purely formal space of mathematics, this being nothing 
but an arrangement of manifolds, which can be just as well 
applied to colours or equations as to points, lines, and surfaces. 
Secondly, the space of direct experience, which on the one hand 
is a special case of general mathematical space (namely a three- 
dimensional, plane, or euclidian continuum), but on the other 
hand contains, in our direct experience of lines, planes, surfaces, 
something that cannot be grasped by any mathematical definition, 
however exact, but must be experienced, like colour or sound. 
Thirdly and finally, physical space, which - here I cannot agree 
with Carnap - represents the real order of things which can only 
be determined by the analysis of experience. This order hke- 
wise falls under the general doctrine of order, that is, geometry 
in the first sense, but here again only represents a special case 
which appears to be, unlike the euclidian space of direct experi- 
ence, a non-euclidian continuum (or also perhaps a non-con- 
tinuum; see below). 

The further discussion of the problem will probably turn 
mainly about the question as to how far the combining activity 
of the intellect is already operative with respect to the space of 
immediate experience, and what reasons cause it to set up a 
euclidian order. Whether the principle of economy here appeded 
to by the empiricist and conventionalist explains the matter, 
appears to be very questionable. A very peculiar solution has 
recently been attempted by Dingier. He points out that a plane 
surface is produced in practice in the workshop by grinding three 
surfaces upon one another and until all three fit together. Accord- 
ing to him, this gives us a definition of the plane which precedes 
all theory, as a surface which is firstly ahke at all points and 
secondly alike on both sides. The straight line is then 
immediately defined as the intersection of two planes, and the 
rigid body is obtained by a further definition, which likewise 
simply depends upon 'indistinguishability.' 

The author is inchned to think that these ideas are worthy of 
more careful consideration than they have usually received. In 
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the ordinary epistemological argument for non-euclidian geometry 
too little attention is paid to the fact, that while a space (wth 
order) with zero curvature is simply, from the mathematical 
point of view, a special case of an infinite number of imaginable 
spaces of all possible curvatures, nevertheless, logically speaking, 
the absence of all curvature is a singular, peculiar space contrasted 
with all other spaces, which are curved and hence distinguished 
by individual constants. Euclidian space (the straight line, 
plane, etc.) is actually the only one which possesses no special 
constants in itself, and hence can be reproduced anywhere and 
everywhere with certainty. This logical peculiarity disappears, 
in the usual statement, behind the purely formal position of the 
figure zero in the series of all numbers, and it is in this way that 
we are led to seek in thought economy or other considerations, 
the reason why euclidian metrics are chosen among an infinite 
number of possibilities. 

I do not venture to decide whether Dingler's 'philosophy of 
the act' gives the correct solution. However the matter may 
appear after ten or twenty years, one thing may be asserted, 
that it is no longer possible to do as some pure Kantians have 
done, and assert that Einstein must be wrong in so far as he 
contradicts Kant. Such a proceeding is pure dogmatism, and 
will never gain a footing in science. On the other hand, all sides 
must agree that the whole epistemological discussion raised by 
relativity is to a great extent independent of the acceptance or 
non-acceptance of relativity by physics. For philosophy, the 
simple possibiUty of such a theory is sufficient to cause the 
abandonment of epistemological views which make it impossible, 
since philosophy must have room for every possibility. 

A further very important question is that of the relationship 
of the four-dimensional space-time order assumed by Einstein 
and Minkowski to the form of immediate experience, which com- 
pletely separates space and time. How does it come about that 
we experience this fourth co-ordinate of the objective world- 
order, which, it is true, also plays a special part in the relativity 
theory itself, as something quite different from space ? Hitherto, 
as far as I am aware, this problem has only been worked upon 
very little even by supporters of relativity, while their opponents 
have been satisfied with the simple remark, that the spatialisa- 
tion of the time co-ordinate is simply a mathematical picture 
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without any real V2ilue. The following remarks may be taken as 
a small contribution to this question. 

In the classical view of physics, as expressed by Laplace’s 
picture of the World-Spirit (see page 63), an initial physical condi- 
tion of any kind is, as we have already several times stated, set 
in a space in itself devoid of qualities, and the course of events 
in this physical state can then be calculated both forwards and 
backwards by known laws of nature. More exactly speaking, 
the motions of a system of points are completely determined, 
when the initial state, that is the initial values of the three co- 
ordinates, X, y, z, and the three velocity components x', y' , z' , are 
given.®* The laws of nature then appear mathematically in the 
forms of differential equations of the second order, which connect 
the changes with time of the magnitudes in question with the 
magnitudes themselves. 

In the Maxwell-Hertz-Lorentz electro-magnetic field theory, 
we have, in place of a part of these initial conditions, the ‘boundary 
conditions.’ If namely, we isolate a certain portion of space by 
a closed surface, the events in this portion of space, since we are 
now abolishing action at distance, are only dependent upon the 
initial state and the conditions which are ascribed to the boundary 
surface during the period of time considered. The latter form 
what are called the boundary conditions; for example, if the whole 
system is enclosed in a metallic wall, the electrical field strength 
at this is permanently zero, and the ‘law of nature’ is here given 
by the Maxwell-Lorentz equations. 

In order to apply this to the Minkowski world of relativity, we 
have first of all to ask what the law of nature which governs the 
process is, in the language of this theory. If time is made a 
fourth co-ordinate of space (see page 147), the kinetic law of 
motion of a point is obviously transformed into the purely 
geometrical law of a line, and the statement that the whole motion 
is given by the law and the initial state {x^, y„, z„; x'^, y^, z'^), 
now means that this line is completely determined by a point and 
the direction (tangent) at this point (this, by the way, is only 
unconditionally true, when the equations in question give 
‘analytical functions’).** If we now take any number of points 
and assume a ‘d5mamic’ law which connects these with one 
another, for example, the Newtonian law of gravitation, the 
meaning of this, when translated into four-dimensional geometry. 
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is as follows. We are given any number of points on the ‘base’ 
of a four-dimensional cylinder (this base being a limited three- 
dimensional part of space), and further, a ‘time-like’ direction 
through each of these points, that is, a small part in the direction 
of the axis of the cylinder.*® A law then exists (the ‘dynamic’ 
law) by which the equation for each one of these single lines is 
predetermined; which law, in other words, defines the whole 
contents of the cylinder in ‘world lines’ up to any height. 

If we pass from Newton and Lagrange to Maxwell and Lorentz, 
all that is changed is simply this, that the dynamic law no longer 
contains forces acting at a distance, but only direct actions, and 
that we must therefore fill the whole space part (the base of the 
cylinder) with a continuous field, generally containing electrons. 
Thus the whole cylinder is to be imagined as filled with an infinite 
number of world-lines, the law of which is, however, again given 
completely by the fundamental dynamical law (the Lorentz 
equations), and the boundary conditions, which represent the 
external surface of the cylinder. So far everything seems to be 
fairly simple. (The reader not accustomed to multi-dimensional 
geometry may, for the sake of understanding it more clearly, 
first translate it all into one less number of dimensions, thus 
taking the collection of n points, not in a space within a closed 
surface, but in a plane within a closed curve.) 

But as soon as we pass to the point of view of the general rela- 
tivity theory,*® the matter becomes essentially different. For 
in all previous arguments, we have still been assuming an arbitrary 
four-^mensional space, in which we place some kind of initial 
physical conditions. From these it is possible to calculate the 
state in the immediately following moment according to distant 
or near laws which, in themselves, may likewise be arbitrarily 
constructed. But all this can no longer be regarded as permis- 
sible according to the general theory of relativity. Space itself 
(the metric field) is here a function of the matter assumed, 
and the law of this dependence is at the same time the funda- 
mental d3m.amic law, from which all special natural laws must 
follow. 

This appears to me to result in very far reaching philosophical 
consequences. For in the first place, it is consequently possible 
only in a sense needing quite special definition, to assume cin 
‘isolated system’ (within the ‘world’); it is fundamentally only 
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possible to take the world as a whole as the object for considera- 
tion. For example, the practical consequence of this is seen in 
the fact that the most elementary of natural laws which we here 
consider valid, the law of inertia, is a consequence of the material 
distribution of the fixed stars. We can, however, speak of isola- 
tion in space in the sense that a system of material parts is 
separated from others by great distances (this word being now 
used in the ordinary narrow sense), and therefore, in the 
terminology of relativity, that the world lines crowd together in 
certain narrow regions of the Minkowski world, which are widely 
separated spatially from one another. 

It is obvious that the time co-ordinate does thus exhibit the 
peculiarity that most world lines run by preference in its direc- 
tion, and that in this direction everything appears to be filled 
up continuously and uniformly. It is perhaps not too daring to 
formulate the hypothesis, that this is one of the objective reasons 
for the distinction between time and space, and further, for the 
preferential occurrence of causality in time succession. We 
should thus, in other words, think in terms of time, because we 
are spatially isolated. The close connection between the measure- 
ment of time and the law of inertia (see above, page 51) thus 
appears in a new and peculiar light. 

Very detailed and fundamental investigations of the time 
problem have recently been published, principally by Reichen- 
bach, to which I should like to direct the reader's special 
attention.®*^ One of his chief results is the connection of the uni- 
directional character of time with the circumstance, that causal 
conclusions as regards the past are always definitely determined, 
but as regards the future always only more or less probable, since 
as regards the latter we are never able to perceive exactly what 
circumstances of the present are to be regarded as taking part in 
the determination of a certain event in the future. According 
to Reichenbach therefore, the present is that section of the world 
at which the transition between causal definiteness and mere 
probability occurs. We shall return to these investigations, and 
to the whole problem of time, once more in a quite different con- 
nection, but we will first again deal with questions of a more 
physical nature, which are connected with the relativity theory. 

In this connection, we must first once more refer to mass. The 
founders of the electron theory (J. J. Thomson, Lorentz, and 
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others) already recognised that mass, that is inertia, may appear 
in certain circumstances as a pure phenomenon of the field, and 
that the very small mass of the electron (i /1800 of the H atom) 
may perhaps be purely electro-magnetic. For if an electrically 
charged body - for the sake of simphcity we may imagine a ball 
charged on its surface -is set in motion, this motion represents 
an electric current, and this current generates a magnetic field in 
its neighbourhood. But this magnetic field contains a certain 
store of energy, and this amount of energy must naturally be 
provided by the cause which sets the ball in motion. In other 
words, in order to set the charged ball in motion, more energy is 
necessary than if the same ball were to be set in motion in an 
uncharged condition. 

This has the same effect as an increase in its mass or inertia, 
and it is easy to calculate,®® that for slow movement {v small as 
compared with c), the amount of this apparent increase in mass 

is equal to — ^ {e being the charge, and a the radius of the ball) . 

If the velocity is greater, the calculation becomes considerably 
more complicated.®* The electro-magnetic mass then becomes 
dependent on the velocity, dependent, moreover, in different ways, 
according as the charged body is to be accelerated in the direc- 
tion of the previous motion, or at right angles thereto (longitudinal 
and transverse mass). 

Such rapid motion then allows us to conclude, according to the 
law governing the increase of mass with velocity, what the rela- 
tion between the electro-magnetic and mechanical mass actually 
is, and experiments made about 1800, first by Abraham and 
Kaufmann, and later by Bucherer, Hupka, and others, showed 
that the whole mass of cathode ray particles (electrons) appears 
to be electro-magnetic according to this formula. In other words, 
an electron would actually have no mechanical mass, and its 
whole inertia would simply be the effect of its field. On the basis 
of the conception of a charged ball, these measurements also 
allow the radius a of an electron to be calculated, but calculations 
of this kind have now been given up as useless, since, as we shall 
see below, the simple assumption as to the nature of an electron 
cannot possibly be correct. But even the consequence of the 
old theory which we have just discussed, that the whole mass 
of an electron is electro-magnetic, could not be maintained on 
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the basis of the relativity theory. According to the latter, it 
may be true, but does not need to be so. 

From the point of view of the relativity theory, all mass, also 
mechanical mass, varies with the velocity; this follows upon a 
purely kinetic basis. A mass which has the value Wq for an 
observer at rest relatively to it (moving with it), has for an ob- 

server relatively to whom it is moving, the mass m = ^ 

•y I — p*' 

The change of mass with velocity, actually observed in the case 
of rapidly moving electrons {/S-rays), is thus a self-evident con- 
sequence of kinematic fundamentals, though the amount of the 
change is slightly different from that required by the older theory 
of Abraham. This affords a possibihty of testing the relative 
correctness of the two theories, and a repetition of Kaufmann’s 
experiments made later by Bucherer and Hupka, by refined 
methods, has actually decided in favour of the relativity formula.®® 
This gave at least one direct confirmation of the relativity theory, 
for everything else, the explanation of the negative result of the 
Michelson experiment, etc., was essentially only indirect evidence 
in its favour. 

The theory appeared to be the one which brought together, 
in the simplest manner and greatest unity, aU these phenomena.®^ 
But its greatest interest naturally appears at the point where it 
proceeds beyond classical mechanics and electro-dynamics, and 
predicts new and hitherto unobserved phenomena. These are 
by no means easy to find, for, as our short description has already 
indicated, the departure of the Einstein theory from the older 
view only becomes perceptible at velocities which are comparable 
with the velocity of light (for all velocities v which are small as 
compared with c, /? = v/c is almost zero, and hence 
approximately unity, whereupon Einstein kinematics pass over 
into those of Galileo and Newton). But all velocities which are 
at our disposal in practice, are small - even the greatest, that of 
the earth, amounting hardly to i/iooooth of the velocity of 
light. Only in the motions of electrons and ions in cathode and 
canal rays, in the Bohr atomic model, and above all in the 
a- and (i-tays of radium, do we find motion at a velocity approxi- 
mately comparable with c, and it is therefore only in such cases 
that we can hope for direct confirmation of the relativity theory. 
And as a matter of fact, as Sonmaerfeld has shown, the relativity 
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theory is well confirmed by the theory of the ‘kine-structure' of spec- 
trum lines, whereas the absolute theory gives incorrect results.®^ 

We must not omit to mention, that these successes of the 
relativity theory have recently been questioned on several sides, 
for reasons having considerable weight. Above all, Lenard has 
been at great pains to show that the results given by relativity 
can also be obtained by suitable modifications of the ether theory, 
without any necessity for the objectionable relativisation of time. 
It is therefore too early to regard the matter as completely 
settled, as is done by many over-enthusiastic relativists. Only 
the further development of physics itself can give a final decision. 
We may however feel sure that many results of Einstein’s will 
survive even a possible overthrow of his theory. One of these 
is of very great importance, and we must make a short mention 
of it. Einstein concluded from the special theory of relativity 
that the inertial mass of a body must be quite generally regarded 
as its total content of energy, divided by the constant factor c; 

E 

thus M = — or £ = Mc^ (for one gram of mass, this gives 

c 

us 9 X 10®® ergs, or approximately 9.2 billion metre-kilogrammes; 
converted into heat, about 22 billion calories). 

It appears for the moment incredible that such enormous 
quantities of energy should be contained in bodies. But we 
only need to consider the quite enormous energies concerned in 
radio-active transformations, and also the Rutherford-Bohr 
atomic model, to find it less incomprehensible (the complete 
transformation of one gram of radium into emanation pro- 
duces approximately 3,000,000,000 gram-calories, or about 
1,000,000,000 metre-kilograms; though even this, it is true, 
is only about i /7000th part of the amount of energy assumed by 
Einstein to exist in one gram of mass). This would result in a 
body becoming lighter by loss of energy, for example by radiation; 
while conversely, the acquisition of energy would increase its 
mass; both of these effects being of course far too small in ordinary 
processes to be directly measurable. At the most, it would only 
be possible to test the theory experimentally in the case of the 
great loss of energy which takes place in radio-active transforma- 
tion. But in any case, the law of the conservation of mass 
becomes one, from the point of view of this theory, with the law 
of the conservation of energy. 
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This in itself is so fundamental a result, that the scientific 
philosopher cannot overlook it. But the general theory of 
relativity enlarges this result in an essential respect. Let us 
recall what was discussed on page 53. We saw there, that even 
if we were enclosed in an opaque box, we could detect an accelera- 
tion of this box and its whole contents by means of effects which 
would appear in its interior, for example, by a bowl of water, and 
we saw that the effects of so-caUed centrifugal forces can in the 
same way be used to make an absolute determination of rotation. 
Both of these phenomena are explained by classical mechanics 
as due to inertia, which causes apparent forces to come into play. 
But it is now clear that our box would exhibit precisely the 
same phenomena, if instead of being accelerated, it were placed 
in a stationary gravitational field of suitable strength, and that 
we in its interior, therefore, could not decide whether acceleration 
and hence the effects of inertia caused say the rise of the water 
at the edge of the bowl, or whether this was due to attraction by 
a body of sufficient size. For inertia and gravitation are exactly 
proportional to one another for all bodies, so that the phenomena 
would be exactly the same in the two cases. 

Einstein's theory turns this proportionality into identity, 
and at the same time takes up again the idea of Mach to which 
we then referred, and which at first appears so monstrous, namely 
that the law of inertia does actually depend upon the fixed stars. 
For Einstein's theory leads to the conclusion that, in the metric 
field of sufficiently distant masses, sufficiently great in number 
and distributed quite at random, the ordinary kinematics holds 
for velocities which are not too great. But instead of being a 
fundamental law, this simple case is only the limiting case of a 
state of affairs in general much more comphcated, which can only 
be mastered by a mathematician familiar with all the methods 
necessary. In the same way, Newton's gravitation law also 
appears in the general theory of relativity as a limiting case, which 
is true as a first approximation for masses sufficiently far apart. 

The differences between the result of the more exact Einstein 
theory and the classical theory afford a number of possibilities 
for experimental tests of the new theory, three of which have 
become especially famous: the rotation of the perihelion of the 
inner planets, the deviation of the light from the fixed stars in 
passing by the sun, and the displacement of the spectral lines 
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towards the red end under the influence of the gravitational field 
of the stars. Einstein's theory gives us a second approximation, 
that the planetary orbits are not exact Kepler ellipses, but 
ellipses which slowly rotate in the course of long periods of time. 
Now this so-called rotation of the perihelion has been long known 
to astronomers in the case of the planet Mercury.®® Newcomb 
found its amount to be 43 " per century. This is exactly the 
amount calculated from Einstein's theory. But this success, 
which was at first so astonishing, has lately become doubtful, 
since Newcomb's value appears to be somewhat large. A final 
decision wiU only be possible in some years time, when the amount 
of the rotation has been redetermined with better appliances 
than Newcomb had at his command. 

The second consequence, the deviation of light rays when 
passing the sun, which should amount to 1.7" for rays passing 
close to the sun's edge, was determined with certainty by the two 
English eclipse expeditions of 1919 and 1922.®^ The opponents 
of the relativity theory, however, here point to the fact that older 
absolute theories also lead to this consequence, if we ascribe to 
hght, as to all energy, inertia, and hence weight.®® A formula 
for this deviation was actually given by Soldner in 1809, but here 
the numerical factor but only half that given by Einstein. The 
first eclipse observations after Einstein's theory was published 
appeared to confirm his value very closely, but the most recent 
result is 50% too large. This is still unexplained. 

Finally, the red displacement forms the most direct proof for 
the Einstein theory; for the opponents of the relativity theory 
have hitherto been unable to find any other explanation of this 
effect, as opposed to the other two. Unfortunately the results 
hitherto obtained here are not completely certain. The results 
of Freundlich, Grebe, Bachem, and others,®® which depend upon 
statistical investigations, have been met by objections hitherto 
not completely refuted, and a remarkable observation made 
some time ago on the companion star of Sirius, which had at first 
appeared to be a brilliant confirmation of the Einstein effect, 
later received, at least it would so appear to-day, a quite different 
explanation.®’ We are thus still without an absolutely un- 
questionable experimental proof of the general relativity theory, 
and it is more the enormous daring of its construction, and its 
wide range, which attract the majority of theoretical physicists, 
Ms 
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than the existence of experimental results which only admit of 
another interpretation with difficulty, or not at all. 

But in this connection we should not omit to mention, that the 
opposition to the whole of the relativity theory has quite recently 
reappeared several times. The American physicist Miller, who 
some time ago repeated, with Michelson, the latter’s famous 
experiment, and by obtaining a negative result, supplied one of 
the strongest supports for relativity, has recently repeated the 
experiment on higher mountains, and believes that after all a 
positive result is obtained, in other words, the proof of an 
‘ether wind’.*® He has therefore ceased to be a supporter of the 
Einstein theory and become an opponent of it. These experi- 
ments of Miller have not, however, remained unchallenged. A 
repetition of the experiment by Piccard and Stahel in a balloon, 
and also other ether wind experiments by Tomaschek on the 
Jungfrau saddle, again gave negative results as before, so that we 
cannot reject the supposition that Miller’s results, which are not 
in good quantitative agreement with the requirements of an 
absolute theory, may have been caused by sources of error still 
unknown. 

On the other hand, we must not overlook in this connection 
another recent investigation carried out by the Berlin astronomer, 
Courvoisier, which had for its object nothing less than a direct 
proof of the Lorentz contraction of the earth resulting from its 
motion relatively to the ether.®* Courvoisier argued that, if such 
a contraction really exists, the earth must be shortened by it in 
the direction of the momentary motion of the earth in space 
(relatively to the fixed stars and systems of stars) and hence 
gravitation must be subject to periodic changes. He now 
believes that he has actually proved the existence of such a half- 
day period of gravitation in various different ways, and calculates 
from it, as well as from other data following from the Lorentz 
contraction of the earth, a motion of the earth (after deducting 
the known motion) of about 600 to 700 kilometres per second, 
approximately in the direction of Capella. He was led to quite 
similar results by the exact measurement of the angles of incidence 
and reflection of light reflected at a very carefully arranged 
mercury mirror. According to the absolute theory, small 
differences should appear in this case, and Courvoisier believes that 
he has actually found them. If his results should be confirmed. 
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it would be necessary to regard the whole relativity theory 
as a castle in the air, since its most important foundation, the 
experiment of Michelson, would likewise then be referred to the 
Lorentz contraction, and the necessity of making use of more 
far-reaching hypotheses would cease to exist. For the present, 
it is true, very strong doubt is felt by the most qualified physicists 
regarding the reliability of Comvoisier’s methods. 

While on the one hand, the controversy regarding the theory 
itself continues, numerous eminent physicists have, on the other, 
attempted to extend it further, and above all to solve the problem 
left open by Einstein, of including the theory of the electro- 
magnetic field in general ‘world geometry.’ A first attempt of 
this kind was made shortly after 1915 by Weyl, by casting doubt 
on a further assumption which had hitherto been made implicitly 
in physics; the possibility of transferring a length from one 
position to another. He showed that, on this basis, a system of 
very general field equations can be set up, from which the me- 
chanical fundamental equations of Einstein on the one hand, and 
Maxwell’s laws on the other, are deducible as special cases. The 
objection raised to this theory, which was further extended by 
Hilbert, had not yet been overcome, but Einstein himself has 
quite recently developed a theory of the same kind on the basis 
of a similar generalisation of a fundamental assumption, and this 
theory appears, as far as we know at present, to have better 
prospects of success. 

We have every reason to believe that, sooner or later, a single 
theory will be found capable of including all field action, that is, 
the transference of all efiects between the parts of the world, both 
in space and time. Indeed, the possibility of such a theory is a 
necessary consequence of the fact that the electro-magnetic 
constant c (velocity of light) also enters into the equations of 
Einsteinian mechanics. On this basis, electro-magnetic mass 
will naturally become identical with mechanical inertia (and so 
again with weight). These two properties, inertia and weight, 
which are fundamental qualities of all material things, will then 
both appear as field phenomena, and we shall then have to take 
up the teisk of deducing the other properties of matter from the 
general field theory which we are assuming. Such attempts 
have already been made several times, that of Mie having been 
most discussed. 
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None of these theories has yet succeeded in achieving the 
main point, namely a deduction of the fact that matter only 
occurs in the form of those quite definite smallest quantities which 
we designate as atoms, or electrons and protons. We shall see 
later that this fundamental fact is unquestionably connected with 
another fundamental fact, namely that energy itself, even that 
of the field, is divided into 'quanta.' But so far neither the one 
fact nor the other has been deduced from Einstein's or any other 
extended field law. Let us bear in mind that here a very deep 
problem still awaits solution, and proceed to consider how far 
physics has gone in the investigation of this quantum structure of 
the world. A great part of the latter problem has already been 
dealt with by what was said in earlier chapters concerning the 
investigation of atoms. But all that was said there only referred 
to the material atoms themselves, whether they appear to us as 
chemical atoms, or as charged ions, or electrons and protons. 

We must now turn to the phenomena which depend upon the 
interaction of these material corpuscles and the field, in particular 
the electro-magnetic wave-field, light radiation. As already 
remarked on page 119, the first question is that of the generation 
of light in the interior of matter, and also of its transformation 
there into other material forms of energy there; that is, its emis- 
sion from, and absorption by, matter. 



XII 


THE PHENOMENA OF 
LIGHT EMISSION AND ABSORPTION 

The word * light ' will now be taken in the widest sense, and will 
include invisible heat radiation (ultra-red), ultra-violet. X-rays, 
and 'cosmic* radiation. In other words, we are to deal quite 
generally with the transference of energy from matter, in which it 
is present as heat (molecular motion) or electric current, to the 
field, where it appears as radiation, and conversely. 

The light emitted by solid or liquid incandescent bodies gives 
us, as is well known, a continuous spectrum, that is light of all 
possible wave lengths, when decomposed by a prism. As opposed 
to this, an incandescent gas (see figure 28) gives what is called a 
line spectrum, that is, it only emits light of single, quite definite 
wave lengths and not of all possible wave lengths, although the 
number of lines (as, for example, in the case of the spectrum of 
iron) may be very great indeed. This distribution of lines is a 
peculiar characteristic of chemicad elements, which they also 
usually retain in all their compounds. Along with the character- 
istic emission spectra, we have the absorption spectra. If light of 
all colours, for example from an arc lamp, is passed through a sub- 
stance, this also extinguishes certain parts of the spectrum, either 
quite broad parts or single definite colours, so that we then see, in 
the continuous spectrum of the original source of light, broader 
or narrower black strips. This is true for all substances, even 
those which are colourless and transparent, their absorption 
regions chancing to lie only in the invisible part of the spectrum, 
and not in the visible part. Incandescent gases, again, also 
exhibit the characteristic property that their absorption lines 
coincide exactly with their emission lines, that is, that they 
absorb most strongly precisely the light which they themselves 
emit (Kirchoff and Bunsen). 

The explanation of this fact, which at first sight appears some- 
what paradoxical, is quite simple. We need only assume that 
structures capable of vibration are present in the atom, which, 
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just like a tuning fork, send out on the one hand waves of a quite 
definite length, and are able on the other hand to absorb energy 
of the same frequency from waves falling on them. This is the 
well known phenomenon of resonance in acoustics. The be- 
haviour of incandescent gases thus proves that the oscillatory 
mechanisms in their atoms (oscillators, resonators) are tuned to a 
quite definite frequency, while we must assume the existence in 
solid and liquid bodies of resonators of all possible frequencies. 
If we also keep in mind what was said above concerning the 
enlargement of the concepts of oscillation and wave, we shall be 
on our guard against a hasty, and all too mechanical, interpreta- 
tion of this concept. 

These quite general assumptions are already sufficient, as 
appears when they are worked out exactly and quantitatively, 
to render comprehensible part of the interactions between light 
and matter; above all, the phenomenon of the separation of 
colours (dispersion), and its connection with absorption, can be 
more or less explained.^®® But this is obviously not sufficient, for 
we must in the first place explain why quite definite wave lengths 
are emitted by glowing gases, and why on the other hand solid and 
liquid bodies give a continuous spectrum, and why also in the 
latter, the energy is distributed among the wave lengths accord- 
ing to a definite law; and above all, how the emission of electro- 
magnetic waves comes about. For the fact that radiation is of 
this nature is now proved, and was already settled hypothetically 
in Maxwell’s time. 

The arrival of the electron hypothesis appeared to solve the 
latter question straight away. If the atom consists of electrically 
charged sub-divisions in relative motion, say the positive nucleus 
surrounded by negative electrons in the manner of a planetary 
system, as Rutherford’s hypothesis suggested, the emission of 
electro-magnetic waves appears to be given at once. For a 
periodically rotating electron naturally means a periodical change 
of field, and this would then be propagated in space, according 
to Maxwell, as a wave of corresponding frequency, with the 
velocity c. But this would mean the gradual diminution of the 
energy of the electron if it were not continually replaced from out- 
side, and the path of the electron would then become smaller and 
smaller, the frequency continually increase, and the electron finally 
fall into the nucleus. At this point our picture obviously fails, for 
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the frequency in fact remains exactly constant, and this is a serious 
objection, which was raised against the theory from the start. 

Nevertheless, it appeared for a time as if it might be made to 
solve the riddle of spectroscopy, since by its aid H. A. Lorentz, 
the originator of the electron theory, succeeded in predicting a 
completely new phenomenon with quantitative accuracy, and 
this was then discovered by his pupil Zeemann in 1897: one of the 
most memorable triumphs of theoretical physics. Lorentz said 
to himself, that the revolving electron must be influenced by the 
action of an external magnetic or electric field in its motion, in 
exactly the same way in which an electron moving in a cathode 
ray is influenced. More careful consideration showed that an 
influence of this kind must be easier to observe in the case of a 
magnetic field than of an electric field (the same being true of the 
cathode ray tube), and that the result would consist in a change 
of frequency of the spectral lines. Calculation shows^®^ that, in 
place of the light of one colour emitted by the particular electron, 
light of three somewhat different wave lengths will be emitted, 
that of the original wave length and one somewhat shorter and 
one somewhat longer; and that these three parts must be at the 
same time polarised in a certain way. 

The proof that this is really the case was given a year later by 
Zeemann. Figure 27 (opp. page 170) shows the normal Zeemann 
effect. From the characteristics of the polarised light, and the 
amount of the difference in the wave lengths, we can show by cal- 
culation that the particles emitting the light have a negative charge, 
and that the ratio e jm in their case is almost exactly the same as in 
the cathode rays. A more beautiful indirect confirmation is hardly 
imaginable, and it is not surprising that a large number of physi- 
cists soon devoted themselves to the investigation of this phe- 
nomenon, which leads us so deep into the secrets of the atomic 
world. It soon appeared that the simple case first calculated by 
Lorentz only occurs rarely. The effect of the magnetic field is 
usually to give division into more than three components, and 
as many as 19 have been observed. In spite of this want of 
agreement, the numerical agreement found in simple cases cannot 
possibly be regarded as accidental. But the explanation is obvi- 
ously much more complicated in most cases than assume at first. 

This became quite evident when further investigation, en- 
couraged by this first great success, penetrated more deeply into 
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the secrets of electro-and magneto-optics.^®^ A whole series of 
further discoveries were made which appeared to confirm the 
theory. Thus shortly after Zeemann, Voigt observed the re- 
versal of the effect, the magnetic splitting up of absorption lines, 
and a few years later, the double refraction of glowing gases in a 
magnetic field (for light close to a spectral line) was observed by 
Macaluso and Corbino, as predicted by Voigt. Finally, Stark 
succeeded in 1914 in observing the long-sought-for effect of an 
electrostatic field upon spectral lines. In this connection, further 
long known facts found an explanation, among these the so called 
Faraday effect, the magnetic rotation of the plane of polarisation, 
already observed by Faraday in 1849 or vapour becomes, 

hke quartz, optically active, that is, rotates the plane of polarisa- 
tion, when it is brought into a strong magnetic field). But 
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Hydrogen spectrum 

repeatedly, and particularly in the investigation of the Stark 
effect, it was found that the theory led to quantitative results 
which are quite different in many respects from actual observa- 
tion. Something was therefore obviously wrong with it; quite 
apart from the original, fundamental difficulty, that it was unable 
to explain the first and most fundamental fact of spectroscopy, 
the emission of single quite definite colours. 

Altogether, spectroscopy had exhibited, for decades, the 
spectacle of a branch of science in which theoretical explanation 
did not keep pace with experimental results. The extraordinary 
fineness and exactness of measurement in this field is quite on a 
par with the proverbial accuracy of astronomy, or even exceeds 
it. Most spectroscopical data are accurate to at least six figures, 
and many even to seven or eight. It is therefore not surprising 
that, given these innumerable exact measurements, quantitative 
relationships or laws were now and then determined purely em- 
pirically. The most important of these was that relating to the 
spectrum of hydrogen, discovered in the year 1885 by the Swiss 
scientist Balmer. The hydrogen spectrum (figure 28) is particularly 
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simple in construction, the frequencies of its lines may be 
determined according to Balmer with great accuracy by means 

of the formula r (-~ ) , where i? is a constant which has the 
\4 

numerical value 3,291 billions, and n is to be given the successive 
values 3, 4, 5. 6. . . . Hencefi (?_£), 

etc. are the frequencies of these lines. 

Two other similar formulae hold for other spectral series, and 
it was further found that chemically similar elements from the 
same column of the periodic system also give similar series, only 
with other values of the constants, which themselves stand in 
simple relationship to the above mentioned constant R. The 
chief credit in discovering these relationships is to be ascribed to a 
Swede, Rydberg, and they are therefore called 'Rydberg constants' 
in his honour. The investigation of the Zeemann effect then 
immediately gave the remarkable result that the lines of one 
series all show the same Zeemann effect (being therefore divided, 
all of them, into 5 or 7 components, for example) and that as a 
rule, only isolated lines belonging to no series give the simplest 
type of result, the so-called triplet (figure 27, opp. page 170). 

This supplies us with a very simple and frequently applied 
means of discovering series, a task which is by no means easy in 
the case of spectra with many thousands of lines -iron for 
example. In the latter case it has only been accomplished within 
the last few years. In spite of all this, the main problem, the 
emission of single lines, remained altogether unsolved. Why 
hydrogen gives just one particular series, the alkali metals just 
another set of series; how this peculiarly complicated phenomenon 
of the series comes about, reminding us of the acoustic relationship 
of fundamental note and overtones, but still being so entirely 
different; all these questions could not be answered. 

Quite recently. X-ray spectroscopy has been developed, in 
addition to the ordinary or optical spectroscopy of which we have 
just given a short sketch, and we will now devote a few words to it. 
As already shortly remarked on pages 21 and 127, the wave 
nature of the X-rays, and at the same time the lattice structure 
of crystals, was proved by the famous experiments of von Laue. 
The illustration (figure 29, opp. page 170) shows a diffraction phe- 
nomenon which appears when a narrow beam of X-rays is sent 
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through a regular crystal (rock salt) parallel to the axis of a cube. 
The position of the spots immediately allows the quadratic sym- 
metry to be recognised (figure i, page 15). We owe, chiefly to the 
two Braggs, but also to Debye and Scherer, further methods which, 
on the one hand allow of very exact separation of the X-rays 
according to their wave length and of the determination of the 
latter, but on the other hand also, the elucidation of the actual 
structure of the crystal lattice. We shall not go further into 
the latter here, although results of very considerable theoretical 
importance have been obtained. 

The spectrum analysis of the X-rays^®* by the above methods 
has yielded the following general results. The X-rays are 
produced by cathode rays of great velocity meeting an ‘anti- 
cathode’ (usually platinum or tungsten). The electrons are here 
slowed down, and the resulting disturbance of the electro-magnetic 
field is propagated into space. At the same time, however, the 
electrons contained in the atoms of the anti-cathode are them- 
selves made to move, with the result that they also send out 
radiation. The continuous spectrum produced by the slowing 
of the electrons, containing all possible wave lengths, is 
therefore accompanied by a characteristic radiation peculiar to 
the anti-cathode material, and this radiation can be separated 
comparatively easily from the other. It forms the so-called 
X-ray spectrum of the substance in question (for example, 
platinum, aluminium, etc.). This exhibits, as contrasted with 
the extreme complexity of optical spectra, highly simple laws, the 
discovery of which we mainly owe to the English physicist 
Moseley, who fell at the Dardanelles in 1916. 

In the first place, the X-ray spectra are extremely simple in 
construction as compared with the bewildering abundance of 
optical spectra; they only consist of two or three groups of lines. 
In the second place, these three groups of lines, which are described 
as the K-, L-, and M- groups, are the same for all elements, with 
the restriction, however, that in the case of the lower elements 
from lithium to zinc, only the K-group is known, in the middle 
elements the K- and L- groups, in still higher elements only the 
latter, the very highest giving in addition the M-group. These 
three groups are displaced in the direction of short wave lengths 
quite regularly as the atomic weight increases. In accordance 
with this the K-group has the shortest wave length, the M-group 
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the lonpst. The K-spectrum has four to six lines, the L-spec- 
trum about fourteen, the M-spectrum six lines (figure 30, opp. 
page 170). The regular displacement of the lines with increasing 
atomic number is regulated by Moseley's law, which says that the 
square root of the frequency of each single line is a linear function 
of the atomic number Z 

The discovery of this extremely simple law was of first class 
importance for our whole knowledge of the periodic system. 
In the first place, every missing element is immediately indicated 
by a gap in the series of points determined by the law. In 
figure 30, which shows the L-series for the elements gold, thallium, 
.lead, and bismuth, we immediately recognise that an element 
(mercury) is missing between gold and thallium, since the amount 
of displacement between these two is twice as great as between 
the others. The irregularities in the periodic system are cleared 
up completely in this way. The arrangement required by the 
system, which does not quite correspond to the atomic weights, 
is actually that of Moseley's law (K, A; Te, I; Co, Ni). We can 
now say exactly what elements are still missing. Since the 
discovery of the two higher homologues of manganese (masurium, 
43, and rhenium, 75) by Noddack and Tacke, and of illinium, 61, 
by Hopkins, only two are missing, namely No. 85, a halogen, and 
No. 87, an alkali metal. These two may possibly be so strongly 
radio-active, that they cannot be obtained in measurable amounts, 
owing to their decomposing again as soon as formed. But their 
discovery has already been announced from America, though not 
yet confirmed. 

Moseley's law can be explained by the Rutherford atomic 
model, as soon as we assume that the emission of X-rays is due 
to those electrons of the system which are nearer to the nucleus. 
These most likely form, as we have seen, closed concentric 
'shells,' of which the first probably contains two, and the second 
and third each eight electrons, this bringing the structure of the 
system as far as argon. How it goes further is not quite certain, 
but the X-ray results appear to show that the addition of further 
electrons always takes place on the outside, so that the internal 
and already completed shells remain unaltered, only that the 
electrons belonging to them are more firmly bound with every 
further unit added to the positive charge of the nucleus. If 
the emission of X-rays is effected by these internal electrons. 
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it is clear that a system which remains similar will on the whole 
emit similar waves, and that these will have increasing frequencies 
in accordance with the increasing force of attraction as we go 
from element to element. 

We have already mentioned that the external electrons are the 
‘valency’ electrons of chemistry, the arrangement of which can 
easily be disturbed by external action, and that these same exter- 
nal electrons are also the agents of the optical spectra, which 
therefore not only have much longer wave lengths, on account 
of the weaker attraction, but also much greater complexity. 
Many pecuharities of spectra are thus excellently explained by 
this model. But the one most important point is still wanting, 
the explanation of the fact that single, quite definite waves are 
emitted. 

We now come to this question, which has become fundamental 
for the whole of physics, and which has to-day been brought near 
to its final solution, though not completely solved, by two in- 
vestigators of genius. These two investigators, whose names 
will be remembered in the history of our times alongside Ruther- 
ford and Einstein, are Planck and Bohr. The first decisive step 
was the foundation of Planck's quantum theory. 



XIII 


THE QUANTUM THEORY 

This new fundamental theory of modem physics did not arise 
out of the problem of line spectra, but of the continuous spectrum 
of glowing solid and liquid bodies; in the first instance that of the 
so-called absolutely black body, that is, one which absorbs 
completely all radiation falling upon it (lamp black is approxi- 
mately such a body). As already mentioned above, we are 
dealing with the conversion of electro-magnetic energy of radia- 
tion into molecular movement, and vice versa. We assume that 
oscillators (resonators) are present in the molecules or atoms, and 
bring about this conversion. In glowing solid or liquid matter, 
we have oscillators of this kind having all possible frequencies. 
The question is the following: how is the energy divided among 
the different oscillators, and how does this distribution change 
as the temperature rises? 

It is well known that a body when gradually heated first only 
emits dark (ultra-red) heat rays, then red light gradually becomes 
visible, then yellow, green and so on are added, until we finally 
arrive at a white heat. If an apparatus sensitive to the reception 
of all wave lengths is used to measure the amount of energy at 
different parts of the spectrum (page ii6), we obtain a curve of 
distribution of energy (figure 31), the highest point of which at 
lower temperatures lies far in the ultra-red; as the temperature 
rises, the whole curve also rises, while at the same time, the 
maximum is displaced in the direction of shorter wave lengths, 
and finally reaches the visible spectrum. In the case of the 
sun’s light, it lies in the middle of this. The problem consisted 
in finding a means of deducing this curve theoretically. This 
attempt resulted in a contradiction with the theory of heat 
hitherto assumed. According to this, all modes of motion of the 
molecules, ‘degrees of freedom’ as they are called, were equally 
concerned in absorption and radiation of energy, and hence 
‘equipartition,’ or equal distribution, of energy among all degrees 
of freedom was assumed to exist (pages 91 ff.). 
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On the basis of this assumption, as was first shown by Rayleigh 
in 1900, the radiation curve of energy distribution can be cal- 
culated theoretically with the help only of the laws of energy and 
entropy, but the result does not agree with experience. For 
1404 according to it, the energy of 
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tion, V being a general or univer- 
sal constant, the value of which can be calculated from measure- 
ments of radiation. According to the best recent determinations, 
this value is 6.53 x 10'®’ erg-seconds. Since v is the reciprocal of a 
time (the time of oscillation), Ejv is a product of energy and 
time, which is called in mechanics, as already mentioned on 
page 86, ‘action ’ h is usually called Planck’s quantum of action. 
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Furthermore, radiation measurements also give us the Loschmidt 
number, since the constants of Planck's radiation formula de- 
pend upon it and h (together with c), in a simple manner.^®® 

While Planck in 1900 had, at first, no other object in making 
this new fundamental assumption than that of solving the 
problem of energy in the continuous spectrum, it very soon 
appeared that this assumption, and the equation E = h. v were 
keys to a number of hitherto closed doors. The largest share of 
credit for this enlargement of the quantum theory again falls to 
Einstein. He first recognised that we have here the solution of 
certain problems in the kinetic theory of heat, which the latter 
cannot deal with in its classical form, though for want of space we 
are not able to discuss them here.^“* But more important than 
this was the application of the theory by Einstein to the photo-elec- 
tric effect, to which we must devote a few words on accormt of its 
other and more distant consequences. This term is used to denote 
the fact that clean metallic surfaces, when illuminated with ultra- 
violet and X-rays, emit electrons, that is to say, cathode rays. 

The phenomenon itself had already been observed in 1888 by 
Hallwachs, and more exactly investigated by Lenard, Elster, 
and Geitel, who constructed the most suitable apparatus for the 
purpose, consisting of an exhausted glass bulb, containing a 
liquid alloy of potassium and sodium. The quantitative investi- 
gation of the photocathode rays gave velocities up to i/300th 
of the velocity of light, and for c/w the same value as usual. 
Now this in itself would not be further remarkable; but the 
curious part is the quantitative relation, namely the law, accord- 
ing to which the energy of motion of the electrons emitted depends 
upon the quality of the incident light. We should at first expect 
it would be intenser the more intense the light. This is not the 
case. Increase in the intensity of the fight only increases the 
number of electrons emitted but not their velocity, or kinetic 
energy. This only depends upon the frequency of the fight. It 
becomes the greater, the greater the frequency or the shorter the 
wave length of the fight, the form of the law being the simplest 
imaginable. If E is the energy of motion of the electrons, n the 
frequency of the fight, h the Planck constant, we have 

E = -Eq + hv 

in which equation the constant Eq represents the work of 
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BOHR'S THEORY OF SPECTRA 

In the year 1912, the Danish physicist, Nils Bohr, a pupil of 
Rutherford, and at that time 26 years of age, came upon the 
brilliant idea of connecting Rutherford's atomic model with 
Planck's theory of quanta, in order to find a solution of line 
spectra. The original electron theory assumes, as we have seen, 
that the frequencies of the emitted waves must obviously be 
identical with the periodic times of the electrons revolving in the 



Fig. 32 

Quantum orbits of hydrogen atom 

atoms. After Lorentz had succeeded in predicting the Zeemann 
effect on this basis, no one had any doubt that, at least in this res- 
pect, the Rutherford-Lorentz model was correct. But an explan- 
ation of the effect of line spectra, could not, as we have seen, be 
given in this way, since the electron could rotate like a planet 
around its sun in any orbit whatever and thus assume any frequency. 

Bohr's fundamental idea was that, among these infinitely 
numerous possible orbits, only those are allowable for which the 
Planck quantum conditions hold, the action calculated for such 
an orbit being a simple multiple of the universal quantum of 
action h. If this so called ‘Bohr's first quantum condition' 
is applied we get - first for the simple case of circular orbits - 
that only certain simple orbits are possible, the radius of which 
increases according to the square of the quantum number (one- 
quantum, two-quantum . . . orbit). These are represented 
in figure 32 for the simplest case, the hydrogen atom, which 
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according to Rutherford consists of only one proton and one 
electron. The radius a of the inmost, one-quantum orbit measures 
0.0532 /x/i. But since the frequencies of revolution thus calculated 
are thus in no way identical with the hydrogen lines, Bohr made 
the further assumption that the electron when revolving in such 
a quantum orbit does not radiate, but that when it passes from one 
quantum orbit to another, the energy set free is transformed into 
radiation again according to the formula E = hv (Second Bohr 
condition, figure 33). If we now use the values of e, n, and A, 
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Fig. 33 

Radiation of H atom according to 
Bohr. The radii of the circles are 
drawn arbitrarily 

derived from cathode ray experiments and Planck's radiation 
formula, to calculate out these assumptions, we do not merely 
get Balmer’s law of series, but also, very approximately, the 
actual value of the Rydberg constant,^®® and the agreement be- 
comes practically perfect when, in accordance with Sommerfeld's 
development of the Bohr theory, we assume Kepler ellipses for 
the orbits, instead of circles, and apply the relativity theory in 
place of ordinary mechanics.^®* 

This way finally leads us to the so-called fine structure of the 
spectrum lines, which could not be deduced from the simple 
fundamental assumptions of Bohr. (Most spectrum lines turn 
out to be multiple when greatly magnified.) The achievements 
based upon Bobr's discovery and developed in quite a short time 
(ten years) are truly remarkable, and we can har^y find anything 
to equal it in the whole history of physics. The long needed 
'Newton of spectroscopy' had appeared at last. The magic 
formula which he used to open the enchanted castle, was again 
E = hv. Anyone who cannot understand from such results 
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that the most important part of physics consists in the hypotheses 
(naturally the good ones) is beyond all hope. 

Nevertheless the sceptic has a certain right to make use of this 
case also as one of the proofs of his thesis, that the finally im- 
portant matter is only the quantitative results which we deter- 
mine and not the pictures or models of which we make use to help 
us to find them. The Bohr model has not escaped the fate of 
suffering many and fundamental subsequent corrections. This 
was to be expected from the start, since it had certain unaccept- 
able peculiarities. In the first place, the assumption that the 
revolving electron does not radiate is in direct contradiction to 
Maxwell’s electro-dynamics, as we have shown above on page 166. 
In the second place, we cannot see by any manner of means how 
the wave emitted really gets its frequency as calculated by the 
formula E — hv. This frequency must surely be first produced 
in the interior of the atom. If the electron is not to produce it 
by its revolution, what does produce it ? Or how otherwise does 
the surrounding ‘ether’ or field come to pick out just this particu- 
lar frequency which suits the formula, since the electron merely 
delivers the necessary energy ? 

It has been said, not without justice, that this second assump- 
tion of Bohr’s was still more of a ‘pistol shot’ than the first, and 
if this bold hypothesis had not been justified by fabulous success, 
no one would have taken it seriously. Furthermore, this new 
basis makes the explanation of the Zeemann effect considerably 
more diffictalt, and entirely without any mental picture. And 
finally - and this is the main point - although the riddle of the 
line spectra is referred by this theory to the quantisation of the 
electron orbits in the atom, the question at the back still remains: 
What really causes this quantisation ? Why must the action of 
the revolving electron be an exact multiple of A ? 

These and still other questions immediately arose as soon as 
Bohr’s model became known, but found for the time no solution. 
Nevertheless, research naturally proceeded on the basis of the 
Bohr model, since it proved to be fruitful in the discovery of new 
knowledge; and Bohr in particular attempted to throw new 
light on the periodic system by means of his theory. He also 
succeeded in this endeavour to a certain extent. The increase 
in size of the periods from eight to eighteen elements at higher 
atomic weights, by the introduction of the elements scandium to 
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niobium, and yttrium to palladium, and the further introduction 
of the ‘rare earths/ numbers 58 to 70 (see above, page 7) may, 
as Bohr showed in 1921,^®® be explained fairly plausibly by the 
assumption of a gradual building up of higher atoms according 
to the quantum laws. 

Bohr was able to put the crown on this theoretical structure by 
using it to determine the element No. 72, hitherto regarded as one 
of the rare earths, as a higher homologue of zirconium, where- 
upon it was immediately found by Bronsted and von Hevesy in 
zirconium minerals. It was therefore called, in honour of Bohr's 
home Copenhagen, hafnium. But even this discovery did not 
make matters quite satisfactory, since a considerable number of 
disagreements had been found in spectroscopy itself, while the 
agreement as regards the periodic system was never just what it 
should have been. Many physicists - and this again was entirely 
in the sense of positivism - found a kind of relief in the fact that 
the Bohr model gradually began to dissolve, as regards its more 
directly picturable features, as a result of quite other considera- 
tions and experiments. 

It is again Einstein's achievement to have clearly grasped the 
fundamental problems, and this is perhaps the greatest of the 
numerous services to science of this incomparable genius, who 
is still only 50 years old. Planck's theory of quanta dealt, as we 
have seen, with the transference of the energy of the field to 
matter, and conversely. Planck himself, and with him most 
physicists, were originally of the opinion that the inner reason 
of this quantisation must be sought in the arrangement of the 
interior of the atom. It is quite easy to imagine mechanisms 
having the property of only taking up and retaining energy when 
it exceeds a certain hmiting value. This property is characteris- 
tic of a cross-bow or a spring pistol. Even if the atoms are thus 
arranged internally, we could still keep the energy in the field 
itself unquantised, and thus continue to retain the old continuity 
of classical wave theory. 

As opposed to this, Einstein took from the beginning the view, 
based on his explanation of the photo-electric effect, that the 
energy in radiation itself, in the field therefore, is to be regarded 
as divided into quanta. This means, as it is easy to see, more or 
less of a return to Newton's corpuscular theory of light. The 
most curious part of the matter is, that the determination of the 
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velocity of light in water or other media (see page 104), previously 
regarded as decisive against Newton's theory, no longer carries 
this interpretation on the basis of Einstein's new mechanics. 
A light quantum has the value hv, and hence according to the 
Einstein mass-energy formula (see above) the mass hv and 
in empty space the impulse hv jc^ x c = hv jc (see page 59). If 
it passes through the boundary between two media, whereby the 
boundary forces do work upon it, its impulse increases, but this 
does not mean, as was hitherto unsuspectingly assumed (also by 
Newton) on the basis of the formula Torce equal to mass times 
acceleration,' that the velocity must also increase correspondingly 
(which is contradicted by experience). On the contrary, an 
increase of hv jc can only take place as long as h and v remain 
unaltered by decrease in the denominator, the velocity therefore 
decreases, varying inversely as the impulse, and so giving us the 
same results as the Huygens wave theory. The refractive index 
becomes equal to the direct ratio of the velocities (compare page 
104). The paradox of the result disappears when we consider 
that the work done nevertheless reappears in the increase in 
mass.^®’ Hence the Fizeau experiment is no longer opposed to 
the corpuscular theory. 

While, regarded from this point of view, the Einstein assump- 
tion is quite possible, the photo-electric effect is explained by it in 
the simplest possible manner, whereas the continuous wave 
theory is quite powerless to explain it. In this effect, the energy 
hv of the light quantum is simply transferred, according to 
Einstein, by a kind of collision to the electron, the energy of which 
consequently increases in direct proportion to the frequency, 
while the intensity of the light, which is again settled by the 
number of light quanta arriving, obviously determines only the 
number of electrons emitted. (According to the wave theor\^ on 
the contrary, the energy of the electrons must correspond to the 
intensity of the light.) In exactly the same way, certain pheno- 
mena connected with X-ray spectra are readily explained, and 
we even acquire in this way a number of new’ methods for the 
accurate determination of these methods being superior to 
the determination by means of the radiation formula. 

A further success was the deduction of the latter formula from 
the assumption of the existence of free light quanta w’ithout the 
use of material resonators, simply on the basis of the notion, that 
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the light quanta hv, existing in otherwise empty space, move and 
collide with one another like gas molecules (Bose, Einstein). 

In spite of all these successes of the corpuscular theory of light, 
most physicists could not bring themselves to accept it un- 
reservedly, Planck being one of these. They pointed out quite 
justly that, although the corpuscular theory is excellently adapted 
to the recently discovered phenomena we have mentioned, it fails 
completely to include just those phenomena most successfully 
explained by the old wave theory, namely interference and 
diffraction, and that it further threatens to destroy the connection 
which undoubtedly exists between light and electric waves of any 
length down to the fields of ordinary alternating current and 
mechanically moved electrostatic charges. 

The problem is the more mysterious since the latest experi- 
ments^®® have rendered it certain that interference takes place at 
such incredibly low intensity of light, that a light quantum would 
occupy many cubic metres if the wave energy were distributed 
in space according to the old theory. Interference has actually 
been found in the case of experiments in which only a single light 
quantum passed through the whole apparatus.^®® How this is 
to be reconciled with the corpuscular theory of light, it is im- 
possible to see at present. 

But on the other hand, phenomena have been found of recent 
years which appear to afford a direct proof of the corpuscular 
theory, the most important of these being what is called the 
Compton effect. The English physicist, A. H. Compton, investi- 
gated in the year 1922 the process of scattering of radiation, known 
to everyone in the production of ordinary 'diffused daylight.' 
According to the wave theory, this process is caused by the 
incoming waves setting in oscillation some kind of resonating 
structures in matter, and these structures then radiate in all 
directions waves having the same frequency. But when he 
investigated the scattering of X-rays, Compton found the curious 
peculiarity that the diffused or secondary wave length is not 
identical with the incoming wave length. We see on the photo- 
graphs of figure 34, (opp. page 186) alongside the original lines, 
quite plainly another line of somewhat greater wave length, the 
difference between the two wave lengths depending on the angle of 
diffusion, but being constant for all X-rays for the same angle. 
This result cannot possibly be explained by means of the wave 
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theory, but Compton himself, together with the German physicist 
Debye, soon succeeded in explaining it by means of Einstein's hght 
quantum theory, and in deducing it with quantitative accuracy. 
According to this view, the process of scattering consists simply 
in a kind of elastic collision between light quanta and electrons 
loosely bound in the atom, a collision quite analogous to that 
between two billiard balls. 


Y 



Explanation of Compton effect 

As figure 35 shows, the electron will then move in some oblique 
direction, and the scattered light quantum, the energy and 
impulse of which have naturally decreased, will move in another 
direction. If these two assumptions are calculated out by the 
simple laws of elastic collision, which have been known since 
Huygens' time (energy and impulse being given by the usual 
formulae), we actually arrive exactly at the result found ex- 
perimentally.^^® The wave theory is entirely unable to explain 
this result. 

The Compton effect must be regarded as a direct proof of the 
corpuscular theory of light (for the present for X-rays), and we 
actually observe, since the year 1923, that this theory is steadily 
gaining ground even in the case of physicists such as Planck and 
Sommerfeld, who had hitherto retained the wave theory as far as 
possible. The result is to make this dualism still more unendur- 
able, and it is not surprising that the greatest efforts are being 
made by physicists to find a compromise between these two 
views, which are apparently completely opposed to one another. 
This movement is in full progress to-day, and it might therefore 
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appear rash to attempt to give here the latest phases of the 
development, since as soon as it is printed, it will probably be 
out of date. We must nevertheless take up this task if our 
description is not to remain a torso. It is already clear that 
recent work on this field has again entered upon a new phase - is 
it the last or aU but the last ? ~ of the problem of light and 
matter, which we can describe, with reference to its most im- 
portant new theories, as wave and quantum mechanics. To 
this development we shall devote the next chapter. 
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WAVE AND QUANTUM MECHANICS 

Unfortunately in this case, as in the theory of relativity, 
matters are so difficult from a mathematical point of view that 
in a book designed for the lay public, only the barest outlines of 
the theory can be given, and the best part of them cannot be 
clearly set out. 

Einstein*s bold hypothesis made the light quanta possess a 
corpuscular structure even in free space, and hence possess, along 
with their energy hv , also mass hv jc^ and impulse hv jc] in other 
words, the two most fundamental properties of matter were also 
ascribed to light. It was not a long step to ask whether this idea 
might not be reversed, and whether the particles of matter might 
not be capable of being regarded as possessing the two most 
important properties of light, frequency and amplitude ; in other 
words, whether the desired union between light waves and 
material corpuscles might not be found by way of a resolution of 
the latter into the former. The credit of having first put this 
idea into a useful physical form is due to the French scientist, 
Louis de Broglie (1924). De Broglie recognised that the problem 
of the quantisation of the electron paths inside the atoms, which 
the theory of Bohr could not explain but simply postulated, is 
immediately solved if we put in place of a material (corpuscular) 
electron, revolving in a circle, a wave also moving in a circle. 
For it is immediately obvious, that such a wave can only exist 
as a permanent process if its wave length is a complete multiple 
of the path (see figure 36), in every other case the wave would be 
annihilated by self-interference. If we now calculate, according 
to Einstein’s postulates of energy and impulse, the wave length 
to be ascribed to an electron having a circular orbit, we are 
surprised to find that this can only be a proper fraction of the 
circumference of the orbit, when this is one of Bohr’s quantum 
orbits. 

According to Einstein, we have for a light quantum in empty space, as 
stated above, the impulse G » hv Ic «=» h /A (since in empty space A = r /i ). 
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This equation is firet applied hypothetically by De Broglie to any kind of 
moving material particle, by ascribing fundamentally to every such 
particle possessing an impulse G a wave length A = h jG. On the other 
hand, the first Bohr quantum condition requires the products of impulse 
and circumference {G x 2a tt) to be a multiple of the Planck quantum, 
and conversely therefore, the circumference to be a multiple of h IG. But 
since this, according to De Broghe, is the wave length of the corpuscle, 
Bohr's condition obvnously amounts to the condition that the circum- 
ference be a multiple of A.^^^ 


According to De Broglie's method of attacking the problem, 
we can easily calculate the wave lengths for material corpuscles 

of a definite velocity; for example, we 
get for moderately slow cathode rays 
(about one to ten per cent, of the 
velocity of light) an equivalent wave 
length of about o.i to o.oi /ifi and for 
the slower electrons emitted by incan- 
descent filaments (in valve tubes) about 
I fifi. These wave lengths lie in the 
region of X-rays, and the question im- 
mediately arises whether these waves 
of matter can be shown to exist by 
diffraction at crystal gratings. 

The decisive experimental proof of 
De Broglie’s Wave Theory ^Yyis diffraction, found to give wave 

lengths exactly as required by De 
Broglie's theory, we owe to the American scientist, Davisson, who 
made experiments in 1924 on the scattering of electrons at crystal 
surfaces, and thereby discovered by chance (for the moment with- 
out any idea of matter waves) phenomena having the character of 
diffraction. After De Broglie's theory became known, he recognised 
the importance of the result and proceeded, with his co-worker, 
Germer, to repeat it in 1927 in so improved a form, that the 
diffraction was proved without any doubt, exactly as in the case 
of Laue’s photographs (see figure 29, opp. page 170). Photographs 
quite recently obtained in the same way by Kikuchi of electron 
rays diffracted at thin plates of mica (figure 37, opp. this page),^^^ 
appear at first sight so similar to Laue's diagrams, that one would 
take them for such, if one did not know that they were produced 
by corpuscular rays. 
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However simple this sequence of ideas may appear, its conse- 
quences turn out, on further consideration, to be very complicated. 
The equation A/A = wv was first of all, according to Einstein, 
valid for light quanta in empty space. When De Broglie turns 
it round and uses it to give a material impulse mv a wave length, 
he states what is for the present an arbitrary hypothesis, the 
further consequences of which must be tested. In general, 
according to the relativity equation above discussed, the energy 
of the mass m has the value wc*. But this energy, when we 
replace the mass by an oscillatory process, must further be equal 
to Av; and hence m = hv Imc^, and we get as consequence of De 
Broglie's assumption of A = A /G, that 


A 


A Ac* c* 

— = = — ; or Ai/v 

mv hvv vv 


Now according to the general theory of waves (see page 107), the 
product of wave length and frequency Av is always equal to the 
velocity of the waves. If we put this equal to w, we get that 
uv = c\ and it follows, at first sight paradoxically, that the 
velocity of propagation u of matter waves is greater than the 
velocity of light, since v, as the velocity of a material particle, 
must, according to the relativity theory, always be smaller than c. 
In other words, the wave velocity u is in no way identical with 
the velocity of motion of the material particle, which according to 
De Broglie is to be replaced by a wave process. How is this 
possible ? 

At this point, unfortunately, the mathematical difficulties 
become almost insuperable for the layman not acquainted with 
theoretical physics. It is necessary first to introduce at this 
point the concept of what is called a wave group. By this we 
understand a collection of waves, the frequencies of which may 
assume all possible values within certain hmits. It is then easy 
to see, on the basis of the general principles of wave motion, that 
if all these waves have random phase differences betw'een one 
another, their superposition will in general alw^ays result in a 
value very slightly different from zero. Within this wave group, 
how^ever, there always exists at a certain moment a definite spot, 
at which the phases of all w^ave components of the group are very 
nearly in agreement. At this point, which is called the centre of 
energy of the wave group, there exists a resultant amplitude of 
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vibration which is different from zero. It is then comparatively 
easy to show mathematically that this spot changes its position 
within the whole wave complex with time. This change in 
position occurs with a velocity which is carefully to be distin- 
guished from the rate of propagation of the wave. The latter is 
called the wave or phase velocity, and the former, that is the 
change of position of the centre of energy, the group velocity. 

In De Broglie’s formulae, v, the velocity of the corpuscle, is the 
group velocity, while w, the super-light velocity of the matter 
waves, is the phase velocity. The further development of these 
ideas, which were known as such in mathematical physics before 
De Broglie’s time but had found no practical application, is due 
to the investigations of the German physicist, Schrodinger. It 
is simply impossible to go more fully into them.^^^ It must 
therefore suffice to remark that, according to Schrodinger, the 
material corpuscle is resolved into a 'wave-packet’ and the 
foundations of mechanics are correspondingly referred quite 
generally to the principles of wave motion, in particular to what is 
knovTi as Huygens’ principle. The most important success of 
the new method was the final explanation of the Stark effect, that 
is, the electrical separation of the spectrum lines, which the 
classical theory was unable to explain, although it had been 
successful in the case of the Zeemann effect. 

A few months previously, a competitor of the Schrodinger 
theory had arisen in the theory of Heisenberg (1926), which makes 
still greater demands on the power of mathematical abstraction. 
The fundamental physical notion of this theory is as follows: 
It is shown generally in theoretical physics, that any kind of 
periodic change (that is an oscillation of any form) may always 
be regarded as compounded of a number of single oscillations of 
strictly sine form (figure 38). In acoustics, this method is used to 
resolve a given sound into its single 'partials,’ which may be 
determined both by physical means, employing resonators, and 
by purely mathematical means, from the curve of oscillation 
which represents the sound. The formulae in question are 
kno^\^l as Fourier’s theorem. Now the difficulty of Bohr’s 
atomic model lay in the fact that the frequencies (spectral lines) 
generated by the revolving electrons had apparently nothing to 
do with the frequency of revolution of the electron itself. 

Heisenberg’s theory reverses this connection, and that is the 
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happy idea at the bottom of it. It regards this apparently simple 
periodic motion of the electrons as a resultant of the partial 
frequencies represented by the single lines of the spectrum, 
whereby, however, it is not possible to operate with the simple 
Fourier analysis known to us from acoustics; it is necessary to 
reckon with a more complicated, two-dimensional manifold. 
According to Heisenberg and his associates, Jordan, Bom, and 
others, the intention is to liberate the theory of spectra from the 
assumption of motion which cannot be observed in any way. 
These statements are determined by a decided positivist point of 
view; they wish the theory to contain in the future only observable 
quantities, and hence have also expressed their rejection of 
Schrodinger’s wave-packet,^^® since tMs again, in their opinion. 



Fig. 38 

Analysis of a compound oscillation (upper curve) 
into three single sine curves (Fourier’s theorem) 


brings in an element of the unobservable. On the other hand, 
Schrodinger was able to show very soon after the appearance of 
Heisenberg's work, that the latter was completely equivalent 
mathematically to his own theory, and both lead to the same 
results. 

The further development of these ideas of Schrodinger and 
Heisenberg, naturally in continual conjunction with experimental 
investigation, has already led to such an enormous output of new 
theories, that we can only refer here shortly to the most important 
of these. Heisenberg s idea was developed by Bom and Jordan 
into a method of still greater mathematical abstraction, namely 
matrix mechanics. Uhlenbeck and Goudsmit then introduced 
the hypothesis of the spinning electron, according to which the 
electron rotates on its axis. This rotation makes it a small 
magnet, the energy of which is naturally also quantised. By 
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using this hypothesis, which ascribes to an electron altogether 
four quantum numbers (the full demonstration cannot be given 
here), Lande and Pauli finally succeeded, in 1926, in making the 
periodic system really comprehensible. The number of elements 
in the periods, 2, 8, 8, 18, 18, 32, had already shown that we were 
dealing with the double of squares (2x1®; 2x2^; 2x3®; 2x4®), 
but no explanation of this had been given; even the Bohr ideas 
above mentioned did not lead of necessity to this conclusion. A 
rule given by Pauli (the ^Exclusion Principle') states that two 
electrons never agree in aU four quantum numbers, and from 
this, the sequence of numbers in the periodic system follows of 
necessity. 

Dirac was subsequently successful in extending Schrodinger's 
theory so that it 3delded electron spin as a necessary consequence 
without special assumptions. Further, Sommerfeld showed, on 
the basis of a new method of quantum statistics founded by 
Fermi, that the difficulties of an electron theory of metallic 
conduction, which had previously appeared insoluble, can now 
be overcome. Riecke and Drude had attempted in their day 
to explain metallic conduction by regarding the external electrons 
of the metallic atoms, which are obviously very loosely bound 
(as is seen by the ease of formation of positive ions), as com- 
pletely free to move among the atomic nuclei; as a kind of gas in 
fact, which can be treated by the usual mathematical methods 
of the gas theory. Serious want of agreement was found however, 
and in particular, the curious phenomenon called hyperconduc- 
ti\dty (Kammerlingh Onnes, 1918) is in no way predictable by 
the old theory. At a definite, very low temperature, certain 
metals (mercury, lead, and others) suddenly become hyper- 
conducting, that is, they have practically no electrical resistance 
left. A current once set going in them, say by induction, lasts 
for days. Sommerfeld 's new theory not only gives this new 
phenomenon, but also the law of Wiedemann and Franz (pro- 
portionality between the conductivities for heat and electricity; 
see above). It has been quite recently further extended by 
Eucken, by introducing, in the place of electrons, Schrodinger's 
waves. 

Successful advances have also been made on the basis of the 
new theory into the physics of the nucleus, which was hitherto 
practically unknown territory. The most famous of these is an 
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investigation by Gamov,^^® who succeeded in deducing on the 
basis of wave mechanics what is called the Geiger-Nuttal relation 
between the range of the /?-rays of radio-active substances, and 
their life (disintegration constant, or half period). In this, as also 
in other investigations of the problem of disintegration and 
reformation of material atoms (corpuscles) from radiation quanta, 
the Einstein relations (w = hv etc.) are of course generally taken 
as a basis. The hypothesis has also been put forward, that in 
certain circumstances, an electron and a proton may completely 
unite, the material corpuscle then disappearing, and a certain 
quantity of radiant energy being produced in its place. Calcula- 
tions give for such a 'neutron* a wave length which lies far beyond 
the shortest known rays, and is probably identical with the 
shortest wave length hitherto measured in the cosmic rays of 
Kolhorster (see above). As regards these, later experiments^^® 
of Kolhorster and Bothe have led to the supposition that these 
rays are not waves, but corpuscular. It has however been 
rightly objected from another side,^^® that in regions of such high 
frequency or velocities (corpuscular energies), the boundary 
between wave and corpuscle disappears in aU probability, and we 
therefore find ourselves at the point at which radiation and 
material corpuscle become one and the same. The profound idea 
of certain old mystics that the world consists of 'frozen light* 
acquires through these investigations a new interest. 

[A new aspect is given to the matter by the actual discovery 
of neutrons. See note 119. Trans^ 

But apart from consequences such as these, which lead us into 
philosophy, the new theories deserve the greatest interest. They 
have effected a revolution in all departments of physics and 
chemistry, and we can as yet see no end to this new develop- 
ment; a well-founded hope exists that still further problems, 
hitherto insoluble, may now find their solution. It is already 
possible to say that the contradiction between wave and cor- 
puscular theory, which once seemed insoluble, is already beginning 
to be resolved into a higher unity, at the cost however of - at 
least at present - an almost complete loss of physical compre- 
hensibihty; as in the case of the relativity theory, only a highly 
trained sp)eciahst is able to have any real insight into the full 
range of the ideas. This is much to be regretted from the philo- 
sophical point of view, but we may still retain the hope that finally. 
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when the new ideas have once been thoroughly worked out in all 
directions, it may be possible to put them into such a form, that 
the educated layman may also grasp their essentials, as is already 
possible within certain limits for the relativity theory. This is 
the more necessary in the case of quantum mechanics, since, as we 
shall now see, its philosophical consequences lead us far, if not 
further, than those of the relativity theory. To these conse- 
quences we shall devote the next chapter, regarding our survey 
as finished. 



XVI 


THE PHYSICAL WORLD-PICTURE OF TO-DAY 

We shall see that, in particular, the two categories already dis- 
cussed earlier in this book, those of substance and causality, and the 
concept of the law of nature, all appear in an essentially new light. 

The development of physico-chemical investigation in the 
last three decades has shown quite plainly that all the lines upon 
which investigation takes place finally converge, and we may now 
feel convinced that all the various physico-chemical phenomena 
are finally founded upon one and the same set of facts; this 
conviction not being based on any supposed deductions a priori, 
but upon the whole course of three hundred years of investigation, 
upon historical experience; our conclusion is thus a posteriori. 
While, however, classical epistemology, as we saw above (page 
6i), believed itself able to give these fundamentals a priori 
(namely in the sense of the mechanical world-picture which it 
drew), we know to-day, that a final formulation of them will only 
be possible when the ultimate problems are really solved, and 
that we must for the present be content with parts only of the 
whole picture, between which only single lines of connection are 
more or less clearly visible. 

Let us first see what elements are fundamentally required 
by the physicist to-day who builds up a world-picture. They 
are easily stated. He needs the proton and the electron with 
their opposite charges of 4.772 x 10'^® electrostatic units, and 
their masses 1.661 x lo'^^ grams and 9.00 x 10"^® grams. He 
further needs the elementary quantum of action A = 6.53 xio'^^ 
ergs per second, and the Maxwellian or Einsteinian field laws, or 
perhaps a field theory including both. The characteristic con- 
stants of the field laws are c and k (the gravitation constant), 
which latter has hitherto not been deduced from the field theory. 
The laws otherwise necessary for building up the physico-chemical 
system deducible from these elements, those for instance of 
mechanics or electro-dynamics, must be taken as consequences of 
the general field laws, and hence are not counted in here. As we 

Os 193 



FORCE AND MATTER 


194 

see, the number of the fundamental assumptions which have to 
be made by the physics of to-day has already become quite small, 
this being true both of ‘substances' and fundamental laws. 

It is, in the first place, quite clear that physics will not cease 
to advance beyond these few single data hitherto necessary. 
It will not rest until an answer has been found to the question as 
to why the opposite charges of proton and electron are equal to 
one another and of a certain size, and why their masses are 
unequal. The Schrodinger mechanics raise a new problem, 
demanding absolutely a solution, namely why, if material cor- 
puscles are to be interpreted as wave-packets, two essentially 
different packets of this kind exist, the relationship of their 
masses being just i : 1800. Light may perhaps be thrown on this 
matter when the Davisson-Germer experiments, which have 
hitherto been carried out almost exclusively with electron rays, 
can be extended systematically and successfully to all kinds of 
corpuscular rays. Experiments also with positive (anode) rays 
by Sugiura hav^e quite recently given the diffraction phenomena 
required by De Broglie's formula. ^20 

More generally speaking, the problem is as foUow’s: What 
internal connection exists between the values of the constants 
which, in present-da}^ atomic physics, stand unconnected along- 
side one another ? Many attempts have already been made to 
discover connections of this kind purely empirically, naturally 
in the hope that this would lead to the right clue for an explana- 
tion. It may be shown (Perles, 1928)^^^ that the elementary 
quantum of action is exactly the (rr- i)th part of the product of 

jc and M j^n. But a relation like this, which might also be a 
matter of pure chance, only represents a real advance wLen w^e 
are able to say why it is thus and not otherwise. The most 
discussed attempt is one made by Eddington. ^22 From the fact 
that the new^ fundamental w’ave-mechanical laws were most 


simply represented in a 'configuration space' of 16 dimensions, 
he concluded that the reciprocal value of the Sommerfeld fine 
I he 

structure constant - = ^-^2 must have the numerical value 136 
= 16 + which is actually very nearly true. By extend- 

ing this theory of Eddington, R. Fiirth of Prague recently suc- 
ceeded^*® in also deducing the theoretical value of the relationship 
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M fm with very close approximation, the theory giving 1838.2 
while the best observed value is 1838.1. The basis of this theory 
is the assumption of a possible transformation of matter into 
radiation (light quanta) and conversely. 

Since aU these questions are still in a state of flux, it would be 
premature to put these hypotheses forward as fined truth. They 
are only given in order to make more clear what was said above. 
This much is already quite evident: some kind of connection 
exists between the various fundamental constants of present-day 
atomic physics. The present position is quite remarkably like 
that of the periodic system about 50 years ago. At that time 
also, physics stood before internal relationships which could be 
guessed at with fair certainty; as a physicist of those days said, 
‘Like children at Christmas in front of the closed door.’ Som- 
merfeld has quite rightly said, in a report^** on Eddington’s 
investigation: ‘If Eddington is right, the conclusion would be 
unavoidable that the electron charge could be constructed from 
the quantum theory (h) and the relativity theory (c). We 
believe the quantum theory to be capable of every kind of marvel; 
we have long been convinced that Planck’s h plays a part in aU 
elementary processes of non-living nature. But the construction 
of e would perhaps be its greatest triumph, and would open up 
vast prospects as regards the simplification of the physical 
world-picture. It is significant . . . that we regard this triumph, 
if not as certain, at least as possible.’ To these words of Sommer- 
feld, we will add the following. 

The general field theory, which we will assume to comprise in 
one unity electro-magnetism and gravitation (though this is not 
yet finally established) affords us in itself, as we saw above, no 
sufficient reason^*® for the fact that the something, which fills the 
field and may be described by the so-called energy impulse tensor 
of the relativity theory (or other quantities derivable from it), 
exists in just those separate smallest quanta which we know on 
the one hand as light quanta, on the other as material corpuscles. 
But at this point, however, it becomes very highly probable that 
the (dementary quantum of action h is the real fundamental 
constant, to which we shall finally be able to refer the other 
atomic constants, that is, e, M, and m. In other words, it is 
highly probable that matter and electric charge are atomistically 
divided because action is divided into quanta. 
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This depends upon the following considerations. In Maxwell’s 
classical field theory every point is characterised by the energy 
density there pertaining, by which we understand the energy per 
unit volume. (The value of this in an electro-static field is £*/8ir, 
in a magnetic field where E and H are the respective field 

strengths.) If the value of this quantity varies continuously 
from point to point, we get the energy contained in a given finite 
volume, by multiplying each infinitely small element of volume 
dV by the value of the energy density belonging to it, and 
adding together these infinitely numerous, infinitely small 
amounts over the whole region considered, in other words, by inte- 
grating the energy density p over the space (fpdV). In the 
four-dimensional w'orld of the relativity theory {x, y, z, t), the 
corresponding quantity would not only have to be integrated 
over a space, that is over elements of volume, dx .dy . dz, but 
over the elements of the four-dimensional Minkowski world. 
The result is then a quantity which represents a product of energy 
and time, hence in other words an action, and the funda- 
mental importance of the quantum h of this action is undoubtedly 
connected with this, but likewise also the circumstance that the 
law which sums up the whole of mechanics is the principle of 
least action (see above, page 86). 

Classical physics and chemistry set up, as we have already seen 
above, the laws of the conservation of mass and of energy, side 
by side. The Einstein mass relation, E = wc® suggests that the 
two are really one. We can now recognise the deeper reason for 
this. Energy and mass (or impulse mv) are not fundamental 
magnitudes at all, they are only the spatial and temporal pro- 
jections or components, respectively, of action, and if they both 
only occur in quanta, the reason must be that action itself, which 
is at the bottom of both, only exists in this form. For want of a 
final field theory, we are not yet able to state this internal con- 
nection completely and exactly; we can only suppose that it must 
exist. But so much appears a legitimate further supposition, 
that the quantisation of action is the primary fact, that of 
electricity and mass, as well as of wave energy, the secondary. 

However this problem may be solved in the future, we will 
assume for the present that we shall succeed in referring the other 
atomic constants, M, m, and e, to which k will also probably be 
added, to c and h. We should thus be left with only the two 



THE PHYSICAL WORLD-PICTURE OF TO-DAY 197 

fundamental constants c and h, one of which decides the character 
of space-time order, the other -what are we to say? The 
answer to this final question may be, I should suggest with great 
caution, a half physical and half philosophical hypothesis. The 
philosophy of the classical period (Kant) speaks of two 'forms 
of perception,' space and time, and two fundamental 'categories,' 
substance and causality. Both pairs were for it empty frame- 
works without qualities ; we have already quoted Weyl's remark 
concerning 'empty apartment houses,' referring to time and space; 
but exactly the same thing is true of the other pair. Kant was 
entirely of the opinion that the categories also are unquestionably 
devoid of any definite content in themselves, but are simply an 
empty frame, into which all special physical and chemical ex- 
perience fits for the very reason that the frame is in itself without 
properties, and hence in no way prejudices special experience. 
Now the relativity theory shows that in the first place, the two 
forms of perception are indissolubly connected; and secondly, that 
this frame or scheme of order is in itself by no means devoid of 
qualitative definiteness, for the constant c is peculiar to it. 

My supposition is, that the constant h plays the corresponding 
part for the two categories of substance and causality, which are 
now fused together in the concept of action. Its existence proves 
that these two categories, like the space-time scheme, are certainly 
not characterised by complete absence of qualities, for the con- 
stant h already gives them a definite content. This content at 
present seems to be simply a matter of experience, in the same way 
as c is. The meaning of this will be clearer to us subsequently. 
We will first draw the general epistemological conclusion that 
apriorism proves to be inadequate in this region also, in view of 
the advance of physics. The concepts of substance and causality, 
which it gives us, and more than which it cannot give, may be 
an inevitable plan of thinking, in the same sense as colours and 
sound are to be regarded as secondary^ qualities, Euclidian geom- 
etry and Galilean kinetics as laws of our space-time perception. 
But for this very reason, they can be transcended, and are not, 
as Kant and his successors supposed, binding on all physical 
knowledge to all eternity. What is behind them is rather to be 
determined more exactly by physics in its further progress, and 
only at the end shall we be able to say what the objective content 
of these forms really is,^^® just as it was only possible to say after 
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the introduction of the prism and experiments in interference, 
what was really and objectively at the bottom of colour. This 
is the standpoint of critical realism, to which we also subscribe 
in this connection. 

We shall now consider these fundamental ideas somewhat more 
in detail, first investigating a little more closely the concept of 
substance in present-day physics. From what we have said, it 
is already clear whither we are tending: Physics is on the point 
of finally and completely throwing the concept of substance, in 
the old sense, overboard. What remains of it is in any case 
something entirely different from what was originally meant by 
it. The ‘law of the conservation of substance* runs in Kant 
(second edition of the Critique of Pure Reason) as follows: — 
‘In all changes of phenomena substance remains unaltered, and 
the quantity of the same is neither increased nor diminished in 
nature.* Kant regarded this law as certain a priori, and his 
famous example of the weight of smoke, which he gives two 
pages later, proves without question that he did not mean it as a 
vague generality, but in a very special sense. (It is naturally based 
on the mechanistic world-picture of classical physics, see above.) 
The objection that this world-picture has already been superseded 
by the field physics of Maxwell and Hertz, could hitherto be 
answered by a defender of Kantian apriorism by admitting this 
fact, but asserting that the Kantian concept of substance was 
still valid in a wider sense. The ether, with which Maxwell’s 
theory reckoned, is also, he would say, a substance, and the 
electrons of the later electron theory also. This rejoinder is 
undoubtedly a good one, as long as we retain the view of 
Maxwell and Lorentz, which to-day is also described as classical. 

But Einstein's extension of the field theory on the one hand and 
the resolution of the electrons into wave packets on the other, 
have changed the situation essentially. The ether has become 
superfluous in the relativity theory, as we saw above. If 
Einstein has, on occasion, subscribed to the re-introduction of 
this word, he wished to designate by it something quite different 
from what it has hitherto meant. It was now no longer to stand 
for the carrier of the field, but to describe the essence of the fields 
themselves. On the other hand, it might naturally again be said: 
the Schrodinger waves themselves also need a carrier, for a wave 
can only be imagined when we first have something there which 
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moves in this wave form. But this would be an undoubted slip 
back into the purely mechanistic conception of a wave, which was 
already superseded by the formal theory of light (see above, page 
107). We there saw that wave and oscillation in themselves have 
no other meaning in modem physics than periodic change of some 
quantity, no matter of what kind. When now everything that 
can be stated regarding the processes in question depends only 
on the form of these processes, while the nature of the quantity 
itself which changes according to the wave formula has become a 
matter of complete indifference, then all that plays any part in 
physics is the process itself, and it does not in the least matter 
what the something is in which the process takes place. This 
last sentence itself then appears as a mode of expression which 
only leads to superfluous and insoluble questions, a mode of 
expression which arises out of our primitive experience (in the 
same way as do the metrics of euclidian geometry) but which 
loses its sense as soon as we are dealing with the final 
fundamentals. 

The correctness of this view is proved by the reinterpretation 
of Schrodinger's theory by Bom and Jordan, which has already 
been indicated above. According to Schrodinger, the quantity 
occurring in these formulae, the so-caUed field scalar S or 
the periodic changes of which are given by the wave formulae 
in question, is the density of the electric charge. According to 
Born on the other hand, it can also have ascribed to it the purely 
formal meaning of a statistical probability that a light quantum 
takes a certain direction. sense it has therefore no real 
physical meaning whatever. I do not by any means intend - for 
reasons which will be immediately given - to maintain that only 
this view of Born can be final; I merely make use of it here to prove 
the thesis, that for the theories of atomic processes we are dis- 
cussing, it is to a great extent a matter of indifference what the 
magnitudes themselves used in the formulae really mean. In 
other words, in these theories only the form of the process is the 
essential matter, and no longer in what it takes place. This 
fundamental idea needs only to be carried to its logical conclusion 
for us to see that a final state of physics is not merely imaginable 
but already very nearly reached, in which the notion of a sub- 
stance is no longer made use of, since everything which can be 
stated physically is founded only upon the law of the processes. 
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In this sense therefore, the world-picture of present day 
physics is distinctly a d3mamistic one. Materialism in the 
narrower sense, that is the belief in eternal indestructible matter 
or in atoms as ‘rigid lumps of reality,' is thus finally abandoned.^*® 
Wliat we call matter is a sum of certain processes. An hydrogen 
atom or electron does not simply exist, it happens. We do not 
first need a substance, so that, secondly, something can happen 
to it, as Kant's statements above quoted assume to be self- 
e\ident; we simply need a something which distinguishes the 
world from nothing, from an empty four-dimensional scheme 
of order. The formal laws w^hich this something obeys are the 
physical law’s of all being and happening whatever. There is 
no real, but only a provisional or practical sense in making a 
distinction betw’een laws of being, that is the properties of so- 
called matter, and law^s of process, that is the properties of the 
forces, energies and so on (the field). Both are only different 
sides or projections of the same fact, as obviously follows from the 
fact of the internal relationship betw’een the electrons and the 
light quantum. The layman may find it at first a little difficult 
to accustom himself to such abstraction. He may try to make 
the matter a little clearer by a further simple example. If we 
w’rite on paper the formulae, say, of a so-called stationary wave, 
or even merely imagine them, these formulae state for the expert 
a w hole number of properties of this kind, for example, that nodes 
and loops exist, how two such processes act together, and many 
other matters. In all these statements it is a matter of complete 
indifference what the nature of the quantities may be, the periodic 
change of which is described by the formulae. The formal 
properties of a stationary wave hold in every case. If this is 
also the case with formulae w^hich describe the behaviour of the 
final ‘material elements,' that is, the light quanta and electrons, 
we obviously have no further use for a ‘substance.' 

This w^hole p)oint of view has incontestably a certain grandeur. 
In place of cold, dead, rigid matter we have the restless flow^ the 
crossing and recrossing of billions upon billions of ‘actions,* 
which together, how^ever, do not result in chaos, but in ‘a cosmos 
of a symmetry, order, and regularity, which appear to us actually 
improbable' (Titius).^®® It is, further, especially noteworthy 
that the line of development of the world is in the direction of 
complication.^®^ If any one were told: ‘Here you have the 
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quantum of action h and the field laws' (possibly also the two 
masses M and m of proton and electron and the elementary 
charge e)\ 'build a world out of them/ he would presumably suppose 
that not very much could be done about it. We know in reality, 
that out of these few fundamentals is built first the world of the 
atoms (the periodic system); out of these again a million and a 
half of molecules (chemical compounds) and out of these again, by 
mixture, the innumerable substances of nature in ever increasing 
complication of form, and finally the cosmos of the fixed stars, 
and possibly higher units.* The unity and simplicity of these 
fundamentals do not therefore exclude a continually increasing 
individualisation and production of new forms; it includes them. 
Without question, we have here a very strong stimulus to teleo- 
logical lines of thought, and further to such of a more tenable 
character than those with which we became acquainted in 
connection with the minimum principles of mechanics, or such as 
have often been linked with single peculiar facts, such as the 
abnormal properties of water, or the like. The teleological 
interpretation of the latter often reminds us of the providential 
interpretation of the presence of great rivers in large cities. On 
the other hand, the teleological conception of the physical cosmos 
as a whole impresses itself almost irresistibly upon even the 
soberest physicist, just as it has always done upon the astronomer, 
and as it is expressed in Kant's well-known words regarding the 
starry heavens. 

But we are digressing. We are not dealing here with teleology 
and the production of form, but with the being and becoming of 
matter and processes. The physical world-picture of to-day 
corresponds, as we saw, to the old aphorism of Heraclites, 
TTttl'Td /!€» . The whole of simple existence is resolved into 
perpetual becoming or happening. But we can now - and this is 
the most important fact from the point of view of scientific 
philosophy - equally well regard the matter from the opposite 
point of view, and say that modem physics has also cleared the 
way for the equally ancient view of the opponents of Heraclites, 
the Eleatics, according to which all happening is in reality timeless 
existence. We need only recollect to this end the formulae 
which we just took as an example of a process such as that of 
stationary waves. When a physicist has these formulae in front 

♦ How far we should include here biological forms will be discussed in Part III 
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of him or merely thinks of them, they describe the process in 
question for him over its whole time range. As human being, he 
naturally needs a certain finite, although very small time to 
grasp their contents. But we can obviously neglect this time 
without in any way altering the contents of the formulae ; we can 
therefore imagine the act of grasping this content as timeless. 

But on the other hand, the physicist in question can regard the 
time entering into the formulae as limited in any arbitrary 
fashion forv^^ards or backwards, or also as unlimited; he can indeed, 
if he imagines the whole affair in Einsteinian instead of in ordinary 
kinematics, suppose the time as well as the space to return upon 
itself - and all this without his being in any way bound to time or 
space. These formulae have for him only a timeless and spaceless 
‘validity. ’ Furthermore, he can, by connecting together several 
such process formulae, draw conclusions concerning the connection 
between many such single processes, that is to say, reconstruct 
in his mind the casual connection of nature, for which purpose, 
likewise, theoretically speaking, he needs no time for thought. 
If we further imagine that he has not merely innumerable such 
formulae in his head, but that he is able merely by thinking them 
to make their content real for other spiritual beings similar to 
himself, we have, when w^e eliminate as far as possible all anthropo- 
morphism, a new and enlarged edition of Laplace*s World-Spirit, 
whereupon we are naturally confronted with the problem as to 
how single limited systems within the compass of this thought- 
complex, namely man and animals, come to possess an inward 
psychical grasp of the whole system. 

This is the psycho-physical problem, seen, as it were, from 
above, and we shall return to it in another connection. But for 
the present we will lay it aside and simply draw one conclusion 
only from the whole discussion, namely that we may very well 
regard the whole flow of events in time from the opposite point of 
view, that is to say, as the timeless effect of something simply 
‘laid down.' If philosophy has long known this - the old Schol- 
astics taught that God sees the world uno aspeciu - it is only 
through modem physics that this notion has been made possible 
as a direct perception, in particular as a result of the relativity 
theory. This opens up the prospect of our finally getting beyond 
the contrast between being and happening (Eleatics, Heraclites). 
When we think out both of them to the end, we finally discover 
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that both are one and the same world, which we regard at one 
time suh specie temporis, at another sub specie aeternitatis. The 
something which distinguishes the world from nothing is at once 
being and happening, matter and energy. A distinction between 
'substance' and 'accident' has no further sense when we get down 
to the last fundamentals. 

At this point, a positivist opponent might make a fairly obvious 
counter-attack to what we said against his view earlier (pages 36 
and 122). He might perhaps ask what right we had previously to 
make so great a to-do about the question of being, since we now 
ourselves admit at this point that, after all, the whole thing 
depends upon the formulae which describe the process, and that 
the question concerning the underlying 'essence' (the substance) 
is a matter of complete indifference. 

The answer to this counter-attack is as follows: There is a 
fundamental difference between refusing to admit the question 
of essence at the beginning and recognising at the end that it 
ceases to be. For in the first case, the way is closed to the most 
important statements of problem, as our discussion of the kinetic 
theory of heat, the electro-magnetic theory of light, and other 
questions, must have sufficiently demonstrated. As long as 
physical phenomena, different in essence, appear to exist, the 
question of essence has every right to exist, for, as we showed in 
another connection, the unity behind these various phenomena is 
then, for the time, only a postulate, but not a result. Only when, 
in the sense of the immediately preceding chapters, all varieties 
of phenomena have been reduced to one and the same in essence, 
are we able to take into account the possibility that we no longer 
need any 'substances.' 

Positivism everywhere makes the fundamental error of too 
early refusing to admit problems, which in their place still have 
sense. Furthermore, we should now discuss the question whether 
at the point at which physics may finally abolish the question of 
substance, this may not perhaps still retain a valid meaning from 
another point of view. For, after all, it is not unthinkable that 
physics may be far from including the whole of human know- 
ledge; we still have biology and psychology and these might 
perhaps give the starting point for further problems. We shall 
return to this at a suitable point in the third and fourth parts of 
this book, but we cannot omit drawing the reader's attention 
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meanwhile to the excellent statement of the present problems 
given by K. Riezler (Naturwissenschaften, 1928, p. 705). Riezler 
quotes a picture of which Eddington makes use. Many 
thousands of years hence, an archaeologist discovers a book 
containing numerous games of chess, given in the usual sign 
language of chess players. After long investigation, the rules of 
play are discovered, but the true nature of the chess men and the 
chess board, cannot be discovered. While Eddington uses this 
analogy, to illustrate the relationship between the system of order, 
of the relativity theory, and possible physical realities (electrons, 
etc.), Riezler now interprets it as follows: Supposing that the 
archaeologist never arrived at the notion that the signs he had 
discovered might stand for a game played by living players 
according to their humour and power, but had got it into his 
head that these signs were a part of a single self-consistent system 
of laws, he would be successful with this hypothesis up to a certain 
point, in so far as like often follows like in the case of these 
signs. . . . 'Now there comes along a humorist devoid of all sense of 
shame and respect, and explains: Do you not see that these signs 
are very far from belonging to a system of unambiguous order ? 
Order at certain points proves nothing at all. Observe more 
closely, get right down to the smallest of the small, and the order 
disappears. Suppose that the whole were a game . . . since you 
know neither the idea of the game, nor the players, you will never 
learn why one move is followed by another in one case, and by a 
different one in another case. The true reality is the idea of the 
game and the exertion of the players. If you wish to learn some- 
thing about it, ask your own soul, its thought, struggle, and striv- 
ing - perhaps it is condemned to take a part in the game, and 
hence knows something of its meaning. (For a similar remark 
by Bohr see page 41 1). And when you have then guessed some- 
thing of the meaning of the game, try treating this meaning as 
the true invariant of the world and the key to the interpretation of 
the signs. Look upon the regularities which you already know, 
merely as a surface, the order of which is derived in part from the 
interplay of the many players and the interconnection of their in- 
tentions and mistakes, in part also from the rules of the game 
(that is to say, the so-called laws of nature)/ 

We have thus been led to touch upon the most important pro- 
blem arising out of recent development, the problem of causaUty, 
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and we must now go into this a little more fully. The conclusions 
which we shall arrive at are of decisive importance as regards 
our whole world-picture. As far as I know, Schottky^®® and Nemst 
were among the first expressly to cast doubt, on the basis of the 
new light quantum theory, upon the ideas of causality hitherto 
generally accepted. The latter’s address as Rector of Berlin 
University^®® was the first means of bringing them to the notice of 
a wider circle. In the previous edition of this book, I made especial 
reference to this address, and then expressed dissent, in the same 
sense as Planck^®* and other physicists, from radical scepticism 
concerning the strict rule of law in nature. In view of recent 
experimental results, I must somewhat modify this point of view, 
although I am not yet convinced, as are Bom^®® and others, that 
the final abandonment of strict causality of all happening is really 
the last word. 

It is useful at this point first of all to recollect something which 
was shortly pointed out further back (pages 48, 63 ff.). The world- 
picture of classical physics is characterised by three fundamental 
assumptions. The first is continuity in space and time, the second 
the unlimited mutual interpenetration of all actions, and the third 
strict determinism. All these three postulates are most obviously 
expressed by Laplace’s fiction of the World-Spirit, which we have 
already discussed. It is true that here matter itself was given a 
discontinuous structure (it was imagined as made up of single 
mass points), but the forces exerted by these points upon one 
another are extended in space according to the strict law i /r® or 
a similar law, and thus fulfil the requirement of continuity. This 
is true, in a stiU more ideal form, of Maxwell’s field equations, 
which present themselves to us, both as regards space and time, 
in the form of strictly differential laws. According to both 
fundamental laws, all partial influences arriving from aU points 
interpenetrate at each point of the universe (in Laplace’s case 
timelessly, in Maxwell’s case with a phase difference proportional 
to the distance). This is also, by the way, the starting point of 
Leibniz’s doctrine, according to which the Monad is the mirror 
of the universe.®®® This universal mutual interpenetration is most 
clearly perceived in the wave theory, while broadcasting now 
brings it home in the most striking manner to everyone. We have 
already said aU that is necessary on pages 65, 75 concerning the 
strict determinism of classical physics. 
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It was naturally observed quite early that, in many departments 
of physics, these requirements are only apparently fulfilled, and 
that in reality we are dealing with discontinuous processes, the 
laws of which cannot be strictly described by differential equations 
and hence are not strictly valid. For example, the propagation 
of a wave of sound in air, or the conduction of heat in a solid body 
such as a crystal, is described by certain differential equations, in 
which the pressure and the temperature gradient are given 
respectively by the differential quotients dp jdx and dT jdx. That 
is to say, the pressure or temperature change is calculated over an 
infinitely small distance (that is, imagined to be as small as we 
like.) This is certainly not an exactly appropriate form of expres- 
sion, if only because in the region of molecular dimensions (about 
I to o.i ///i), there can no longer be any question of a Truly 
continuous change in the quantities in question. 

In the region of these small dimensions, neither pressure nor 
temperature exists, for these are only average statistical values of 
the energy of motion of very large numbers of molecules. A single 
molecule has no temperature, but only the definite value at a 
definite moment of its energy of motion, while shortly after col- 
hsion vrith another molecule, this value may be quite different ; 
and in the empty space between two molecules the concept of 
temperature loses all meaning whatever, unless we ascribe to each 
of the hght quanta there a definite amount of energy, but one 
again capable of sudden change. These formulae are therefore 
without doubt merely approximations, which nevertheless lead 
to very exact results, since the distances over which we afterwards 
integrate (sum up) are in practice very large as compared with 
molecular distances. Exactly the same is true of the propagation 
of sound, of the transmission of elastic forces, and many other 
matters. In aU these cases, therefore, the assumption of con- 
tinuity is a conscious fiction, which is only made use of because the 
method proves extremely effective. 

Laws set up in this way by physics obviously only have the 
character of average statistical rules. This has already been 
pointed out vith regard to the law of entropy, but the same is true 
for the laws of heat. We may take as an example of this the so- 
called gas law (the Boyle- Amonton-Gay-Lussac law). According 
to this, the pressure of a gas is proportional to the number of 
molecules present in a given space and to their temperature, that 
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is the average value of their energy of motion. If we imagine a 
moderately large surface, say the top of a table, or the surface of a 
brick, the whole pressure of the air on this surface is the sum of all 
the blows given to it by the air molecules, and a statistical cal- 
culation naturally gives this average pressure, the number of 
molecules being so enormous, to be the same from above as from 
below. 

But this is only a statistical rule, and not the law in the strict 
sense. If we take the surface much smaller, say only a square 
micron, and inquire as to the probability of the difference in 
pressure between the upper and lower sides assuming a sensible 
value during a ten- thousandth of a second, the Brownian motion 
(page 93) proves to us that this probability is not by any means 
very small; that on the contrary, the consequence of this difference 
of pressure, namely the movement of the small surface in one 
direction, occurs within a short time. In other words, it is 
only a question of the amount of movement to be expected, its 
duration, and the size of the space considered, for the probability 
in question to become perceptible. Perrin once calculated that 
for a brick to jump from the ground into the hand of a bricklayer 
working on the third storey, he would have to wait on the average 
for years. This number is i followed by ten milliard 

noughts. If written, it would go half round the earth if each 
figure were two millimetres wide. The meaning of it cannot pos- 
sibly be imagined with the best of will. If the whole of humanity, 
since the appearance of man on earth, let us say for two hundred 
thousand years, had done nothing but count this number, it would 
not, up to to-day, have counted any appreciable part of it. An 
improbability of this kind is a practical impossibility. But as soon 
as we take the dimensions in time and space sufficiently small, the 
possibility ol variation acquires more and more perceptible values. 

This and similar examples have therefore long ago accustomed 
physics to ascribe to a great part of its laws merely a statistical 
character. But nevertheless, no one in earlier times seriously 
cast doubt upon the existence of fundamental causal determina- 
tion. Although, to take the example of gas pressure, we are only 
able to calculate it by means of a statistical method, this in no 
way prevents our being able, and indeed obliged (so at least it was 
said at one time), to regard the path of each single molecule as 
strictly determined by the laws of mechanics. While we are not 
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practically in the position to calculate the position of such paths 
exactly, since our mathematical equipment is not sufficient (it 
already fails with regard to the famous three-body problem of 
astronomj^), this practical difficulty is naturally something totally 
different from the indeterminism in principle of natural events. 
In other words, while the statistical rules are true in coarse dimen- 
sions, in the so-called macroscopic region, the exact law is still at 
the bottom of it in small directions, as regards the single atom or 
molecule. It is as when playing dice: a single throw results with- 
out question from causes which strictly pre-determine it. But for 
what interests us in respect to the dice, we have no need to know 
these causes, the supposition being sufficient that they make the 
cube fall with equal frequency upon any one of its faces, so that 
the probability for each single throw is i /6. This view has hither- 
to been always found satisfactory. 

But what has now come into sight in physical investigation is 
nothing more or less than a fundamental doubt concerning the 
whole causal substructure of statistical physics. This attack took 
place in two stages. First of all, the light quantum hypothesis, 
as such, dealt a severe blow to the ideas of continuity and mutual 
interpenetration of all actions, which ideas lie at the bottom of 
classical physics. The idea of regarding the world as a cinemato- 
graph film (see above, page 49) no longer appeared so preposter- 
ous, as it would have done in Boltzmann’s time. In the classical 
theory of light, the light wave, like any other electro-magnetic 
wave, was a process which was propagated continuously and uni- 
formly in space with decreasing amplitude. Every electron in its 
path took up just as much of the energy of the wave as corre- 
sponded to the value at that time and place. But now light is to 
consist of real corpuscles, which (in the photo-electric and Comp- 
ton effects) either hit or do not hit the electron like a billiard ball. 

This has made it necessary to ascribe, as it were, to the light 
quantum, the knowledge in advance of what electron will again 
absorb it. The whole process of light emission and absorption 
thus acquires a kind of teleological character.^^^ This might, 
however, still have been compatible with a strictly causal view, 
since the same state of affairs is present in the minimum principles 
of mechanics, in particular the principle of least action, and we 
have seen above that a causal foundation is nevertheless not there- 
by excluded. 
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Now came the second attack, and this time the kernel of the 
idea of causality was struck. It started from Heisenberg’s formu- 
lation of quantum mechanics. Since the matter is difficult to ex- 
plain without mathematics, we must limit ourselves here to a sketch 
of the fundamental idea. Action is, as we saw above, a product 
of energy and time, or otherwise a product of impulse and distance. 
Now the task of physics obviously consists in measuring as exactly 
as possible the phenomena observed, and these measurements will 
always have for their object on the one hand distances or intervals of 
time, on the other hand, quantities of energy or impulse (see above, 
page 59). The method of measurement consists in continual 
approximation, in which we try to eliminate unavoidable errors 
by taking their supposed value into account in a given case from 
other results of measurement. If, for example, a temperature is 
to be measured, the use of the thermometer necessarily causes a 
small change in the temperature itself which is to be measured, 
since it takes away a little heat from the body concerned. But 
this amount can be taken into account beforehand by using the 
known data of the thermometer with the aid of the material con- 
stants concerned (specific heat of glass and mercury, etc.), and thus 
the error can be corrected more or less perfectly. This example 
shows that every measurement necessarily changes a little that 
which is to be measured. 

It has hitherto been classically assumed, that by means of this 
kind of correction of measurements, the refinement of our sense 
organs (Wiener) could in principle be carried to any extent, or 
that, as Reichcnbach^®® puts it, every existing degree of accuracy 
for any measurement may still be superseded by greater accuracy, 
if only we have the patience and good fortune to try. But 
Heisenberg’s theory leads to the consequence - and this is its 
fundamentally new result - that this belief in the convergence of 
accuracy of measurement to absolute certainty was an error, and 
that, on the contrary, a finite, though very small, lower limit to 
accuracy of measurement is fixed by nature itself. According 
to what is called the Heisenberg ‘Uncertainty Principle’^®® (a 
cciiain fundamental equation of quantum mechanics), action can 
never be determined more accurately than to the order of magni- 
tude of the Planck quantum. The consequence of this is, that in 
the region of the extremely small, the accuracy of the measurement 
of distance can only finally be increased at the cost of the accuracy 

Ps 
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of measurement of impulse, and that of the measurement of time 
only at the cost of the accuracy of the energy measurement. If, 
for example, we wished to measure the distance absolutely, that 
is with infinite accuracy or zero error, the error of the other factor, 
the impulse, would automatically become infinitely great ; that is, 
it would remain quite undetermined. 

It must be carefully noted that this uncertainty is not merely 
temporary and capable of being overcome later by further refine- 
ment in measurement. There is no more delicate means of mea- 
surement than light. Physics naturally strives to eliminate sub- 
jective elements in measurement more and more, in order to arrive 
at the objective facts, independent of all points of observation. 
We saw above that this, and not a general relativism, is the true 
meaning of the relativity theory. But this endeavour is brought 
immovabty to a halt by the Planck quantum. Within its order of 
magnitude, no real independence between observer and observed 
can exist, since the process taking place between the object on the 
one hand and the sense organs of the observer on the other itself 
consists of such quanta of action. 

The consequence of this has been formulated by Haas in the 
foUoving words; Tf a precise description of atomic events in 
the classical sense is impossible in itself, the causal principle natur- 
ally loses its meaning for physics. For this principle, according 
to which the exact knowledge of the present allows an exact cal- 
culation of the future, ceases to have any object when an exact 
knowledge of the present cannot be acquired. According to 
quantum mechanics causality must be denied for the elementary 
processes of physics, and can only be confirmed for the probabilities 
which are to be ascribed to these processes for statistical reasons.' 

The latter remark of Haas refers to the above-mentioned re- 
statement of Schrodinger’s theory by Bom and Jordan. Schro- 
dinger's differential equation is naturally of the type of an exact 
law, precisely like the classical equations of mechanics of electro- 
dynamics. The phase waves assumed by Schrodinger are pro- 
pagated by the same kind of strict law as applies to the classical 
wave theory of light. Here, therefore, we should have the causal 
sub-structure of statistics, and one entirely corresponding- 
though, so to speak, a storey lower - to the strictly causal sub- 
structure of statistical heat theory afforded by classical point- 
mechanics. 
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But the unfortunate thing for the concept of causality is this, 
that this original interpretation of Schrodinger is not necessary. 
The 'field scalar/ which he interpreted as electrical charge density, 
may, according to Born, be regarded as a pure probability, which 
naturally has a numerical value, and may be thought of as con- 
tinuously variable and hence comply with a differential equation. 
Schrodinger himself appears of late inclined towards this inter- 
pretation. At any rate, he has expressly assented to the radical 
doubt concerning the traditional concepts of causality. Born, 
who together with Jordan was probably the first to draw these 
conclusions resolutely, asserts directly in a recent publication^^^ 
that those who oppose this sceptical position should experiment 
and not argue if they wish to refute it, since it is a necessary conse- 
quence of the Heisenberg quantum mechanics, which itself is 
confirmed by experience. 

It is difficult at the moment to stand sufficiently far off from 
these matters to form a satisfactory judgment. The development 
is in full swing, and has recently been enriched by an extraordin- 
arily valuable contribution from Reichenbach,^^^ who shows how 
it is possible to work quite exactly with 'continuous successions 
of probabilities,' in place of continuous causal chains, using for 
the purpose a mathematical formula language invented with this 
special object. It would be premature to take up the position 
at present, perhaps based merely on a prejudice in favour of a 
classical concept of cause, that a causal substructure for statistics 
must be required in every case, and that physics is therefore com- 
pelled to seek it until it finds it. 

The epistemological problem^^® is exactly similar to that of 
euclidian geometry in the relativity theory. There also, apriorism 
tried to persuade us that we were bound once and for all to 
euclidian geometry as the form of our perception of space, wffiereas 
in reality, the development of physics was in gradual process of 
freeing us from this form, as well as from the secondary qualities 
(sounds, colours, etc.). It might also be that the road finally leads 
to our recognising, in our usual concept of causality, another such 
liiiut to our power of thought; w’hich nevertheless, as soon as we 
see it as a limit becomes passable for us, and requires to be replaced 
by the more accurate concepts of quantum mechanics. Episte- 
mology must not exclude such possibilities; it is another question 
whether physics will in the future finally remain at this point. 
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On the other hand, epistemology must also issue a clear protest, 
when positivism at this point once more believes it possible to 
abolish a problem for all future time simply because for the 
moment no solution is in sight. It did this once in respect to 
the atom. When it was certain that the atoms in any case must 
be so small, if they existed at all, that they would for ever remain 
invisible even for the ultra-microscope, positivism declared cate- 
gorically that atoms therefore had no place in physics, since they 
were for ever excluded from direct perception by the theory of 
physics itself, and what could not be perceived, did not exist for 
physics. How false this conclusion was, has been sufficiently 
sho\ra by the whole previous discussion in this book, and quantum 
mechanics itself makes it clearer than ever, since its central con- 
cept is the corpuscle. It must therefore be careful to avoid falling 
into such negative dogmatism, the absurdity of which has already 
been so strikingly exposed. It is somewhat amusing to find that 
one of the most valiant champions of the old positivism of Mach, 
l^etzoldt, feels called upon to stand for the maintenance of natural 
causality against Jordan and others, although those whom he 
attacks use, almost word for word, the same arguments against 
this belief which Mach used thirty years ago against atoms. 

Positivism, as we saw in discussing the theory of light, has 
unquestionably performed the service of repeatedly freeing physics 
from the discussion of superfluous questions. But, just as often, 
it has led to an intentional deafness and blindness towards the 
most important and progressive statements of the problem. If 
it had had its way, the theory of light, for example, might, and 
ought to, have remained at the formahstic stage (see above), and 
Maxwell's electro-magnetic theory would have been quite super- 
fluous. Who can guarantee that sooner or later we may not be 
led to further problems, which may finally result in further light 
being thrown on the Schrodinger waves. The interpretation of 
Schrodinger's field scalar as a simple probability is suspiciously 
similar to the purely abstract and formal view of the light vector 
in the formalistic light theory, while real progress at that time lay 
in the direction of the question as to the true nature of this vector. 
As we saw above, the problem of the fundamental constants has 
hitherto not been really solved in any way, and no one, for ex- 
ample, can say with certainty at the present moment, why the 
wave packets, or corpuscular numerical values of quantum 
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mechanics occur in just the two different forms of proton and 
electron; nor in what way a positive differs from a negative cor- 
puscle; why the first is 1800 times heavier than the second, etc. 
It must, therefore, be premature to try to arrive at a final decision 
to-day as regards causality. We are neither willing to admit the 
right of a dogmatic apriorism to tie us for ever to the classical 
view of the concept of causality, nor of a dogmatic positivism 
(which here as usually would better be called negativism), to cut 
us off from further questions as to causes, on the basis of the 
present state of knowledge. 

But if we assume for the moment provisionally, that a modi- 
fication or enlargement of our earlier concept of causality may 
really become necessary, corresponding to the enlargement of the 
euclidean geometry into that of Riemann in the relativity theory, 
it may in any case be said that such an enlargement will not affect 
what we described above as the most important element of the 
causal concept, namely, the construction of a logical connection 
between the various parts or partial processes of world events. 
Statistical physics actually gives us, for example in the kmetic 
theory of heat, as good logical foundations as the classical and 
deterministic. When we have perceived, that the increase in 
entropy (equivalent to decrease of free energy) happens because 
there is a transition from a less probable to an enormously more 
probable condition, this is just as good a satisfaction of our logical 
instinct as when we deduce on strictly causal lines, the form of the 
planetary orbits, by means of Newton's law of gravitation. In 
both cases, om question as to the reason is answered as far as such 
an answer is possible within the frame of a definite small region 
of world events. 

It is perhaps a prejudice to suppose that this question as to the 
reasons of phenomena can only be satisfactorily answered by a 
system of differential equations, capable of definite integration, 
such as are given by the classical d3mamics and electro-dynamics, 
this prejudice being on the same lines as that which assumes the 
metrics of the world to be euclidean and galilean, or the weight of 
the smoke plus the ash to be equal to the weight of wood plus 
oxygen. Heisenberg's quantum statistics actually give us as 
full an explanation of the problem of spectroscopy as that given 
by the classical and strictly determinist theory; indeed a better, 
as closer examination proves. There is thus no question of the 
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cosmos hitherto known to us having to be replaced by a chaos of 
arbitrariness or miracles. From the new point of view also, 
the world remains susceptible of rational explanation to a certain 
and very large extent, only that the relative extent of the rational 
and of that simply given irrationally, becomes slightly different 
than before. Something more must be said concerning this. 
We are now confronted with a problem which has already been 
mentioned in passing, and now needs more detailed discussion, 
the problem of contingency. 

By the words ‘problem of contingency,* the older philosophical 
literature understood the question as to why the world exists. 
This problem is complex in nature, and contains various sub- 
sidiary problems, which we must consider singly if we are to 
arrive at a clear answer. Here also we may start from the old 
classical and mechanistic view (the Laplace fiction), according to 
which the world consists of a system of mass-points (by analogy 
with astronomical systems), which act upon one another according 
to certain laws, that is, produce accelerations in one another; 
for example, according to Newton's laws of gravitation. For the 
course of events to be determined without ambiguity, these laws 
must first of all be given, and secondly the exact distribution of 
the single mass-points, and their momentary velocities, must be 
settled for a given moment. This latter datum is usually de- 
scribed in mathematical physics as the ‘initial condition,* since 
the time, the zero of which must of course be arbitrarily fixed, is 
usually reckoned from that moment for which the distribution of 
positions and velocities in question is given. By integration of the 
differential equations forwards or backwards, we then arrive at 
the state of the world at any other required point of time in the 
past or future (compare page 64). 

In this classical mechanistic view, the world is obviously con- 
tingent (a matter of chance), on the one hand with respect to the 
general laws in question, on the other hand in respect to the 
initial condition. It is evident that the latter is incapable of any 
rational explanation, as soon as we clearly perceive that another 
world would result if two atoms only were to change places. This 
is in no way altered by our attempting, for example, to refer the 
present condition, say of our planetary system, or even of the 
whole system of fixed stars, to an earlier condition, in accordance 
with general laws and on the basis of cosmogonical hypotheses. 
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This merely means referring the problem of contingency to the 
earlier condition, which again must have a single quite definite 
constitution, in order that exactly the present state of affairs with 
distribution of matter and energy may result from it. If we make 
use of Dingler's happily chosen expression,^®® and call the essence 
of all that we know concerning the general laws of the world, the 
'theoretical prime structure' {Urbau) and all that we have dis- 
covered concerning the special states and systems actually realised, 
the 'historical prime structure,' we may say that the latter un- 
questionably possesses a contingency which is insoluble for human 
thought. The case is different as regards the contingency of the 
theoretical prime structure, that is, of the general laws of the 
universe. The question as to whether this might be otherwise, has 
been frequently discussed of recent times. 

First of all, the well-known Russian physicist, Chwolson, has 
given the question the form: May we apply the laws of physics to 
the universe ? The equally well-known French mathematician 
and philosopher, Poincare, 1®^ then propounded the analogous 
question regarding a possible change with time of natural laws. 
Poincare shows that the question is fundamentally meaningless, 
since it would always be possible to refer the laws regarded to-day 
as natural laws to a more general law, which included this change. 
The author followed out the analogous process of reasoning in 
earlier editions of this book^®^ with respect to Chwolson's question, 
but it was also shown in the same connection that the question has 
after all another and deeper sense, namely the more general pro- 
blem of 'thusness' contingency: Is it also possible to imagine a 
world with other physical laws, or must these be as they are ? 
If we describe non-euclidean and super-euclidean geometry as 
'meta-geometry' we are presented here with the prospect of a 
corresponding 'meta-physics,' as was described in greater detail 
in earlier editions of this book. 

The question, however, is whether this ‘thusness' contingency 
is really a final one. When we cast our eyes over the way hitherto 
travelled (compare page 192), the thought is forced upon us that 
we must be prepared for a still further simplification of funda- 
mentals.^®^ Let us suppose for a moment, that in the first place, 
only c and h remain as fundamental constants, in other words, that 
everything can be referred to the general (Einstein) field law and 
the quantum of action. We should then again be confronted with 
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the question whether these two values were the last word of wis- 
dom, and could only be accepted as such, or whether, on the other 
hand, it might also be possible to give them some kind of a founda- 
tion, or at least find a functional connection between them, which 
would allow us to perceive that this particular value of c should 
only be associated with this h and no other. It would then 
be possible to imagine other worlds or parts of worlds having 
other pairs of values of these constants, and their realisation 
somewhere and somewhen would therefore also be imaginable. 
But since this latter question then belongs to the sphere of the 
contingency of being (dealt with above), there would actually be 
no room left for the question of ‘thusness’ contingency. But this 
would then mean nothing less than that the nature of the world in 
general (its thusness in respect of its laws) would really after all 
be deducible a priori. 

This may appear to a thorough-going empiricist as absurd; 
but it obviously hes, after what we have said, entirely within the 
bounds of epistemological possibihty, although we cannot at pre- 
sent assert that it must really be so. But if it should finally turn 
out to be true, it would mean the victory of rationalism over 
empiricism. Physics would then be, in other words, completely 
arithmeticised (Haas). Its fundamental constants would then 
all be reducible to pure numbers, such as or c or Eddington’s 
136 (see above). Since one could accordingly deduce the general 
nature of the world a priori, in other words, show why the world, 
if it exists at all, must, in a general way, be as it is and not other- 
wise, we should finally be brought back to Plato’s doctrine, and the 
sentence Tn the beginning was the Word’, the Logos. I remark 
explicitly that these are by no means vague speculations of a 
philosophical dreamer, but that scientists of the first rank, for 
example, Eddington, Weyl, and others, have pursued similar fines 
of thought. They are in the air to-day, since it is actually over- 
whelming how strongly the tendency to unity in physics has 
already become effective. 

We are obviously only a short distance away from the goal of a 
final imified summary of all physical knowledge, and the further 
question as to whether this goal will be the expression of a neces- 
sary, or a chance, ‘thusness,’ is obvious and inevitable. This 
question also we cannot answer at present, since so far we do not 
possess the necessary knowledge. But the time will come when it 
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will be answered. It is not superfluous to notice how apriorism 
also fails in this respect. The whole problem here discussed 
simply does not exist for it any more than for its antipole, logical 
empiricism. Only critical realism, for which the whole of know- 
ledge is a process of gradual approach to an objective set of facts 
already existing before all knowledge (see below), deals properly 
with this deepest of all problems. 

From this point of view, we now return to the earlier question, 
as to how the physical world-picture appears, if the strictly deter- 
ministic view-point turns out to be untenable, or at least super- 
fluous. We can now answer this question somewhat as follows. 
For the sake of concreteness we will suppose for a moment that the 
world is only two-dimensional (as upon a photograph) reserving 
for the time, the third dimension, which we are capable of depict- 
ing, as the t axis of a system of co-ordinates. In the sense of the 
relativity theory, then, every movement in our three-dimensional 
field (in the same way as the movements on the screen in a moving 
picture) wiU be represented by a 'world line' in the three dimen- 
sional region (compare pages 1431!.). In other words, we can ima- 
gine a number of transparent pictures of the field at successive 
instants of time superimposed to form a pack, and connect the 
positions of a corresponding point on each picture right through 
the pack of films, this connection then representing a world-line. 

Our whole classical conception of natural law means, in the 
case of this mental picture, that every one of these world lines in a 
closed physical system is determined by the 'laws of nature,' as 
soon as two of the sections (single pictures) are given. (The 
ordinary requirement of a given initial state, namely that the 
position and momentary velocities must be given, is a special case 
of this more general one, for the requirement of given momentary 
velocities amounts to the new position being given for a second, 
infinitely near, point of time, dt seconds later. But it is not ab- 
solutely necessary that the two points of time should be infinitely 
near to one another.) This initial state is now, as we saw, contin- 
gent in any case, and it is in itself a peculiar assumption from this 
point of view, that in direct contrast thereto, the structure of the 
world (that of the pack of films) should be of such a nature that 
the whole structure of the world-lines may be calculated with 
logical necessity from two such completely contingent states. 
The new conception of quantum mechanics simply amounts to this 
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strict and complete distinction between contingent initial state, and 
non-contingent structure, being untenable, the contingency being 
instead distributed uniformly, so to speak, over the whole pack, that 
is to say, the whole process in time of the world. 

This latter in no way possesses the "thread-like'' structure of the 
classical picture, for such individualised points of substance as 
were originally assumed as in the case of the Minkowski world- 
lines, do not exist. On the contrary, only quanta of action (in aJl 
probability) exist, units which extend over a certain small region 
of the whole four-dimensional world. The structure of the world 
would thus be rather that of a network of very small meshes or 
rings, which it is impossible to cut through without thereby de- 
stroying such single units (which in our case, however, is impos- 
sible); or of a mosaic picture, the single stones of which would no 
longer be divisible. The macroscopic laws of nature are nothing 
but statistical rules concerning these quanta and their distribution, 
which on account of the extreme smallness of them, hold with 
extraordinary accuracy in the orders of magnitude which we 
usually deal with. It is, however, an error to suppose that this 
macroscopic regularity must be founded upon a similar one in 
dimensions no matter how small. In these small dimensions there 
exists - within the limits of the Heisenberg relation - possibly or 
probably a certain freedom, so that every calculation of a future 
state of the world based upon the present state has in it an element 
of uncertainty, which becomes greater, the greater the time inter- 
val. In place of the old continuous causal chain, we should then 
have Reichenbach's continuous succession of probabilities, with 
the condition that every new determination of the path actually 
taken by the electron from among the various possible paths, 
would give a new basis for a calculation of the next following state 
by means of probability. 

Here a further prospect is opened out for us. We quoted above 
the remark of Haas, according to which 'the old principle of 
causality ceases to have any object, if the exact knowledge of the 
present which it assumes, is not attainable' (according to Heisen- 
berg's relation). This statement of Haas is, in my opinion, still 
too positivistic and subjectivistic. According to our realistic 
view, the assertion of positivism, that only what is observable 
can ever exist for physics, is wrong, and hence the circumstance, 
that according to Heisenberg's relation, impulse and co-ordinate, 



THE PHYSICAL WORLD-PICTURE OF TO-DAY 2ig 

or energy and time, cannot be determined with absolute exactness, 
is in itself by no means a sufficient reason for banishing these 
ideas from physics. Why should not physics work also with 
elements which are fundamentally not directly observable, assum- 
ing only that these stand in a logically necessary relationship to 
those which can be observed ? The true reason for accepting or 
rejecting a theoretical idea can never lie in the purely formalistic 
conditions of the process of knowledge, but only in the definite 
system of the content of knowledge, or in other words, always in 
ontological points of view, and never in epistemological. We shall 
adhere to this unconditionally. But it is exactly from ontological 
considerations that we can now arrive at quite a similar result 
to that of Haas. 

If the world is really arranged as we have just indicated, the 
question of the absolutely exact and simultaneous knowledge of 
impulse and co-ordinate (position) is in itself without meaning. It 
is just as meaningless as, according to the kinetic theory of gases, 
it would be to seek to know the temperature at every single point 
whatever of a gas. This question is not unanswerable because we 
are not able to measure it for some reason or another, but because 
the theory itself, according to which the temperature is only an 
average value, causes this concept to lose its meaning as soon as 
we consider atomic magnitudes. If only quanta of action really 
exist, all single determinations of classical mechanics concerning 
times, spaces, substances (masses) and forces, are in reality statis- 
tical results having only a macroscopic sense, and for this very 
reason cannot be applied to the quanta themselves. The con- 
nection assumed by us between c and A, and also the dependence 
of world-metrics on mass distribution already existing in the 
general theory of relativity (see above, page 147), point rather to 
the four fundamental determinations of physics (time, space, 
substance, and causality) being based on a common physical 
reality. This cannot yet, it is true, be stated quite exactly, but we 
already have good reason for assuming that, in any case, substance 
and energy are not two fundamentally different things, but one 
and the same thing regarded from different points of view, namely 
in time-like and space-like projection respectively. 

But times and spaces themselves are probably, from the objec- 
tive physical point of view, only forms under which certain prin- 
ciples of order^^^ of quanta appear to us, just as molecular collisions. 
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taken as a whole, appear to us as temperature. Physically 
speaking, only quanta of action in a four-dimensional (four times 
infinitely manifold) order, or something closely allied to this, exist. 
From this point of view, it is entirely comprehensible when the 
question of the simultaneous absolute determination of co-ordinate 
and impulse, or time-point and energy in the quantum theory, 
proves to be a question in appearance only, and one just as httle 
soluble as the question of the temperature of a single molecule. 
Bohr^®® proposed for the relationship existing between the two 
problems, the name 'complementarity.' The formation of quite 
new concepts becomes necessary here; we cannot reasonably 
expect that the ‘forms of perception’ and ‘categories’ familiar 
to us from the macro- world, wifi, be directly applicable in the region 
of the sub-atomic micro-world. 

One question still remains to be answered; What will be the 
influence of this new conception upon our whole view of the world ? 
In the rectorial address of Nemst to which we have already 
referred, we find the remark that ‘A certain similarity between the 
new view of the law of causality and theological lines of thought, 
cannot be overlooked.’ But Bom, on the other hand, has quite 
rightly pointed out^*® that it would be entirely wrong to proceed 
to introduce again a belief in miracles into our view of nature. 
Anyone who should put his trust in the Perrin brick that we 
mentioned jumping into his hand by itself, or in a stone faUing 
through the air being diverted from the head of a passer-by by 
a suitable unequal distribution of molecular velocities on two sides 
of it, would be a lunatic, since improbabilities of this kind are 
practically completely identical with impossibilities. 

For all macroscopic conditions, the deterministic predictability 
of events continues to remain as good as perfectly strict, and the 
astronomers, for example, will continue to calculate eclipses to 
the fraction of a second, and will continue to prove correct in their 
calculations. In this sense what Goethe expressed in the well- 
known verse concerning ‘Great, eternal, iron laws,’ remains trae. 
But nevertheless, these laws have now acquired an essentially 
different complexion. They lose, so to speak, their rigidity, and 
hence the cold and dead aspect, the element of meaningless 
mechanism, which has been a cause of offence to so many spirits 
full of life and faith. The repulsive idea^®* that the world as a 
whole is a gigantic clockwork, which plays its tune mechanically. 
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an idea which is an inevitable consequence of the mechanistic 
picture of the world, now falls to the ground. This idea, as we 
know, found its theological expression in the Deism of the age of 
enlightenment, according to which God determined the initial 
state of the world once and for all, a very long time ago, the world 
then going its own way according to laws laid upon it, without 
God having any further need to bother with it. 

Religious thought has always protested against such deistic 
notions, which are only half concealed atheism, and has always 
insisted that if an idea of God is justified at all, it could only be a 
theistic one, that is to say, that God is to be regarded as perpetu- 
ally active, and creation therefore not as a single act, but as 
creatio continua, as uninterrupted action. The new physics gives 
this requirement an overwhelmingly clear background. Not only 
does it actually allow us to regard the course of the world uno 
aspectu (see above, page 202) ; it now distributes, as we saw, con- 
tingency justly and uniformly over this whole process in space and 
time. In theological language, it maintains complete freedom of 
the divine will together with full practical validity of the ‘‘laws 
of nature” (as statistical rules) for mankind. While man, as a 
macroscopic being, does not escape from the rule of these laws, 
the divine act of creation itself is not bound by them, an act which, 
of course, is not in any case to be imagined as taking place in time, 
but as one of timeless determination (compare page 202). 

And the reaUy admirable feature of this whole creation is, as it 
appears, that by the sole means of the logic immanent in statistics, 
without the aid of further special and contingent general laws, the 
whole multitude of the world of phenomena: electron and proton, 
atom and molecule, crystal and rock, perhaps also cell and organ- 
ism, may be deduced by successive synthetic steps, each new step 
forming a fresh and more complete synthetic unit, a Gestalt (see 
below, pages 401 and 433), so that a cosmos of individualities is 
formed, the higher of which always includes the lower and absorbs 
it. 

Goethe’s lively and organic view of nature, as expressed in the 
lines concerning the Earth-Spirit (Faust I), thus receives its justi- 
fication also from physics, without the latter thereby making any 
concessions. And, perhaps in this way we may even approach 
nearer to the solution of a problem that has mocked mankind from 
the earliest times: the problem of the freedom of the wiU.^®’ But 
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we can only deal with this in a later part of this work (see below, 
pages 532 ff.)- 

It now only remains for us at the close of this first part, to enter 
into a short discussion of the process of physical knowledge as a 
whole. For we take the view as realists, that a discussion of this 
kind finds its proper place at the end, and not at the beginning. 
Epistemology exhibited false arrogance in supposing that it 
should precede ontology. In truth, it is first necessary to discover 
what the content of knowledge really is before it is profitable 
to deal with the process which has led to it, and the principles 
upon which it depends. As a matter of historical fact, a new 
theory of knowledge always appeared when new and great exten- 
sions of knowledge took place, and not conversely. The whole of 
classical epistemology from Locke to Kant is obviously orientated 
towards the great achievements of the time between Copernicus 
and Newton, as was the Greek epistemology towards the achieve- 
ments of geometry, as Plato's well-known remark already ex- 
presses. In the same way, the great new wave of scientific know- 
ledge will now bring with it new effects for epistemology, and a 
glance at the present literature proves that this has actually been 
the case to an enormous extent. 
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THE PROCESS OF KNOWLEDGE IN PHYSICS 

All physical knowledge is acquired in three stages. It is first 
determined that this or that happens under certain conditions, or 
is simultaneously present at another point; in this way we arrive 
at qualitative laws. Secondly, the concepts connected together by 
such laws, such for example as length of pendulum and time of 
oscillation, or electric charge and repulsive force, are made into 
measurable quantities, and the quantitative law is then discovered; 
it is determined, for example, that the time of oscillation is pro- 
portional to the square root of the length of the pendulum. The 
functional equations, tables, or graphical representations thus 
obtained then form the basis for the third and last stage, the 
question of why; that is to say, the question of the explanation 
of the phenomena observed, and their quantitative laws. 

The above facts result in a number of epistemological questions. 
First of all: What is a physical concept, such as temperature, 
quantity of electricity, density, capacity, or the like, and how 
is this concept connected with the method of measurement? 
Secondly; Upon what is the formulation of the laws founded, and 
what is the relationship of the law to the single case ? Thirdly: 
What is the real meaning of ^explanation' ? And what do the 
hypotheses which appear in it signify ? Since we have already 
anticipated the last question, it only remains for us to discuss the 
first two; that is to say, on the one hand the formation of physical 
concepts; and on the other, the problem of induction, which term 
describes the process of setting up a general law from single cases. 
We will first consider shortly: 

(a) The Problem of the formation of Physical Concepts, and will 
here take up again what was said on pages 77 ff. in connection with 
the concept of temperature. For the ordinary realistic view of 
physics, the thermometer is in the first place an apparatus intro- 
duced for the purpose of finding the 'real' temperature of a body, 
as opposed to our easily deceived feehng of heat (see above). But 
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a large number of recent epistemological theorists, namely the 
so called conventionalists, now object to this view. For them 
there are not three different things: sensation, physical state of 
heat, and thermometer reading, but only two: sensation and ther- 
mometer reading. The latter is, for the physicist - so say the 
conventionalists - the temperature. This, they say, can already 
be seen from the fact that a mercury thermometer gives in reality 
different readings from a spirit thermometer. Which temperature 
is then 'real' ? Even when we use gases as thermometric sub- 
stance, which at first apparently gets rid of the arbitrary element, 
since all gases have equal expansion with heat, it nevertheless 
again proves necessary on closer investigation to introduce a 
convention as to which gas is to be the thermometric substance, 
since in reality, individual gases again show small differences in 
their co-efficients of expansion according to Regnault's exact 
investigations. As a matter of historical fact, the air thermometer 
was followed by the hydrogen thermometer, and then by the 
helium thermometer. Does the choice of the latter really depend 
finally upon pure convention ? 

The answer that we give from the realistic point of view is: No ! 
For in truth, we choose helium because this gas proves to be the 
most 'ideal,' that is to say, because in its case there is the most 
complete fulfilment of the requirement that the whole energy given 
to it in the form of heat appears again in the form of increase in 
molecular velocity. The real or 'absolute' scale of temperature 
is the thermo-dynamic: Steps of equal increase of temperature 
are such, as a result of which, the average energy of motion of the 
molecules increases by an equal amount. An absolute measure of 
the temperature would be obtained, for example, by deciding to 
regard as one degree that rise of temperature which is required for 
the energy content of a mol of an ideal gas to take up one unit of 
energy, or if we required the mechanical equivalent of heat to have 
the value of i. Helium is chosen as the thermometric substance 
because its readings approach most closely to the absolute 
scale. 

It is therefore clearly recognisable from this example that the 
road to the formation of physical concepts is paved with conven- 
tions, or, in other words, that the structure of physics cannot be 
built up without a scaffolding of conventions, but that this scaf- 
folding can and is taken down when the building is finished. This 
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is only possible, as we see most plainly from the example of therm- 
ometry, when the concept in question (here that of temperature) 
is itself made part of a larger and more comprehensive set of re- 
lations (here the kinetic theory of heat). In the realistic sense, all 
formation of physical concepts contains a 'prospective potency’: 
it always points beyond itself towards the aim of know- 
ledge. Only from the point of view of the latter do all physical 
concepts receive their final logical position. In this connection, 
we may once more refer in particular to the concepts of mass and 
velocity on the one hand, and impulse on the other (compare 
pages 66, 18 1). In this, as in numerous other cases, the final result 
exhibits the historically and psychologically later concept as, 
generally speaking, the prius from the logical and systematical 
point of view; this is particularly true of 'action/ as we have 
pointed out in greater detail above. 

Leaving out some other sides of the problem, more of interest 
for the speciahst,^®® we now turn to a further question, which has 
often been discussed in epistemological works; quite recently in a 
valuable study by R. Carnap:^®® namely the question of relation- 
ship between definition of concept and the method of measure- 
ment. Carnap said in the study referred to: 

'It has sometimes been supposed that a physical magnitude, 
such as time, for example, may have a meaning in itself, without 
any reference to the way in which it is to be measured, and that the 
method of measurement is a second question. As opposed to this 
view, it must be strongly emphasised that the meaning of every 
physical magnitude consists in certain numbers being ascribed 
to certain physical objects. Until it has been settled how this 
ascription is to take place, the magnitude itself is not settled and 
statements concerning it have no meaning.’ Carnap then dis- 
tinguishes, for every physical definition of a concept, five stages, 
two 'topological’ and three 'metric.’ It is first of all necessary 
to determine what we mean when we say that two magnitudes of 
the kind in question (for example, two masses, weights, forces, 
quantities of electricity, etc.) are equal; secondly, what it means 
when one is greater than the other, and these two relationships 
must be 'transitive’ (that is to say, when A>B and B>C, then 
must also A>C). Then follows the settlement of the metrics; 
the 'scale form’ must first be determined, that is to say, it must 
be determined under what conditions the differences of the two 
Qs 
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magnitudes of the kind considered (two parts of the scale) are to 
be called equal; and then a zero point, and finally a unit, must be 
settled. It is easy to see that these five points actually occur in 
every definition of the measurement of a physical quantity, and 
this is shown by Carnap from a few examples. The reahst will, 
however, always raise the further objection to the whole deduction 
that all this refers only to the measurement, but not to the ex- 
planation of the concept itself. 

The precise statement of the question thus becomes as follows. 
Is it correct that the concept of time, or energy, or light intensity, 
or suchlike, only has a meaning in so far as ‘certain numbers are 
to be ascribed to certain physical objects’ ? Or do these concepts, 
or at least many of them, already exist before the ascription of 
numbers? To the author the latter answer appears the more 
correct. It is not easy to see how those concepts, which physics 
holds in common with the daily experience of the most primitive 
of mankind, for example, time, temperature, intensities of hght 
and sound, etc., are already related to numbers in this most primi- 
tive experience. The difference between two lengths of time, or 
two degrees of loudness of sound, or a high and low musical note, 
already forces itself upon the child and the savage, before they 
have any notion of counting and measuring, and pairs of concepts 
such as loud and soft, long and short, bright and dark, are there- 
fore found at every stage of human thought. Are we then to say 
of a savage or a child, that they have no concept of loudness of 
sound or intensity of hght, because they are not able, as is the 
trained physicist, to ascribe numbers to the scale of their 
sensation ? 

This is surely going too far. It seems more natural to the 
author, as to numerous other recent and also older philosophers 
(for example, Hofler, Poske, Volkmann, Frost), to distinguish two, 
or if necessary several stages in the formation of concepts. Even 
the savage has a concept of time. But the measurement of time 
is only known to civihsed man, and this is developed out of the 
former concept quite gradually and with ever increasing precision. 
The same is also true of temperature. In this case, as we saw 
above, we can clearly distinguish two successive stages in the 
formation of the physical concept; so that, including the pre- 
scientific stage, we have to distingmsh three stages. The first is 
formed by the simple concept of temperature based upon simple 
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sense impression common to everyone, the second by scientific 
thermometry, in so far as it attains to the arrangement on a de- 
finite scale of the sensational series, on the basis of certain conven- 
tions. The third begins with the question as to what is really at 
the bottom of heat, and the final definition in physics then runs: 
temperature is the average energy of motion of the molecules. 

Conventionalism, in accordance with its origin in pure mathe- 
matics, is inclined to ignore both the earlier and the later stages. 
In the first respect it can take advantage of the fact that physics 
actually contains a number of new conceptual formations, which, 
arising directly out of measurement and not supported upon 
direct sense impressions, appear to rest upon pure convention. 
In this class belong, for example, almost all electrical concepts, 
since we have no direct sensation corresponding to these. Never- 
theless, even in the case of these, it is not true that formation of 
concept and measurement are one and the same, as Carnap main- 
tained. The concept of an ‘electric charge' as a peculiar some- 
thing, which somehow adheres to, or dwells in bodies that are 
rubbed, is formed without there being any question of any kind of 
connection, no matter how primitive, with a scale of numbers. 

But the third stage also must not be left out of consideration, 
as is likewise done in Carnap's explanation. Here also, electricity 
affords an excellent example in the strength of current. Accord- 
ing to the conventionalist view, physics could, and ought to, have 
been content with the fact that Ampere showed us from the mag- 
netic effects, Faraday from the electrolytic effects, and Joule from 
the thermal effects of a current, how to ascribe to it scales of num- 
bers, which scales were also easy to relate one with another. But, 
in actual fact, current strength is not the deflection of a galvano- 
meter, nor is it an amount of gas or silver, nor the increase in length 
of a hot wire. All three are only effects of the current, which can 
be used to measure its magnitude, since they are functions of I. 
I itself is something quite different, namely the quantity of 
electricity flowing per second through the circuit. This alone is 
the thing which corresponds to the physical definition of current 
strength. 

If we wished, we could naturally begin the whole science of 
electricity, in a course of instruction or in a book, with the tangent 
galvanometer or the ammeter, and then define quantity of elec- 
tricity as the product of current strength and time, as is actually 
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often done in technical work.^*® But the conventionalist is mis- 
taken in believing that this purely formal possibility, of beginning 
the logical structure at this end, guarantees the epistemological 
equivalence of this method with the correct definition of current 
strength which we have just given as quantity of electricity per 
second. Although the two equations I=Q jt sadQ—I.t are 
mathematically identical, they are far from being so epistemo- 
logically, for the reason namely that quantity of electricity plays 
a fundamental part in the whole method of physics, whereas cur- 
rent strength is only a derived quantity. This example also shows 
that conventionalism, as well as apriorism, places obstacles in the 
way of understanding physics, by trying to measure it by the 
standards of mathematics. Only realism, which teaches us to 
base our understanding of the whole process of knowledge upon 
its goal, is everywhere able without difficulty to judge fairly the 
actual processes of investigation. 

We now turn to the second problem referred to above, that of 
induction, with which, as we shall immediately see, an age-old 
problem of epistemology is closely connected, a problem that once 
in the Middle Ages played a great part, the problem of so-called 
‘Universals.’ 

(6) The Induction Problem 

All ‘laws of nature’ depend upon the observation of single cases, 
however great in number these may be, whereas they themselves 
purport to be general, and hence to include an unlimited 
number of cases. When Galileo first made his experiments on 
falling bodies, he observed associated values of time, velocity and 
distance. These values, which we may imagine as set out in a 
table, then led him to the general laws v=a.t and s=\a.t^. The 
same thing happens to-day in every corresponding case. We have 
then, first of all, the question as to our right to undertake this 
generalisation. It represents mathematically an interpolation, 
and eventually also extrapolation, of any number of intermediate 
or external values on the basis of a curve or formula, which is 
to-day generally carried out in practice by plotting the observed 
values in a system of co-ordinates, drawing a curve through 
them as nearly as possible, and then deducing, either from the 
curve itself or by means of a formula arrived at from the form of 
the curve, any desired intermediate or external values. What 
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right has the investigator in a case like this to assert something 
that he has not directly observed, and indeed in the case of extra- 
polation, which is much more important than interpolation, is 
not able to measure ? 

We call the drawing of conclusions from the particular to the 
general the inductive method. The method just described forms 
the first stage of this process, which prevails throughout the whole 
of science; in it we are always dealing with the generalisation of 
single cases into a law. The second and still more important 
stage, the generalisation of special laws to construct more general 
laws, was already considered at length in chapter three. 

We find the question above stated answered in epistemo- 
logical literature in very many different ways. The rationalist 
of the Kantian type, and also the positivist, bid us seek the ex- 
planation in the fact that man reads the order of the 'law' into 
phenomena; according to the rationalist because he is obliged to 
do so upon the basis of an a priori category, according to the posi- 
tivist and conventionalist, because it makes the facts easier to 
grasp as a whole, and of more use in practice. The observations, 
so say both, show us to all eternity, however numerous we may make 
them, after all only the single points of the curve we draw - and 
this is, as we know beforehand, furthermore affected with error. 
The curve, that is to say the general law, is an addition made by 
man on his own account, and in this respect he has a certain degree 
of freedom, since a curve which is to pass through fixed points, 
can always be varied within certain limits. If we nevertheless 
chose a quite definite law, for example, for gravitational attrac- 
tion, the simple law i /r^, and not i /r2.oooooo7 which is equally pos- 
sible, our reason is simply economy of thought. It is more con- 
venient to calculate with 2 than with 2.0000007, and since the ob- 
servations agiee equally well with both formulae, we take the 
simplest. 

Instinctive feeling surely warns everyone, who has these con- 
siderations put before him for the first time in so crass an example 
(it is, by the way, by no means fictitious), that something after 
aU must be out of order. Can it really be a matter of indifference, 
that we find in the exponent of the law of gravitation such an 
odd fraction, instead of the whole number 2 ? A cosmos appears 
to collapse, and give place to an arbitrary chaos. For this reason 
also, the representatives of a religious view of the world, who of 
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late are glad to make use of positivistic theories of knowledge in 
order to evade the objectivity of natural laws, should give the 
matter further consideration. 

Let us see whether we cannot look at the matter in another 
way. Let us take the laws of falling bodies as the simplest 
example for this purpose. It is first of all clear, that the first two 
simple laws found by Galileo are only arrived at on the basis of a 
certain stylisation or idealisation of the problem. They neglect 
the effects of air resistance, friction, and other disturbances. 
According to conventionalism or rationalism, this idealisation is 
simply the means of which the understanding makes use, so to 
speak, to handle phenomena, and nothing further. This would 
be true if it could be shown that one could have gone about the 
matter quite differently, but exactly the opposite is true. The 
resistance of the air, etc., are not thought of in order to simplify 
the problem of falling bodies, but are facts on their own account, 
which can be, and are studied on their own account (in aerodynamic 
laboratories). We may imagine its laws determined empirically 
for the present (whether they can be referred back further 
theoretically is another matter) and we are then able, on the basis 
of our knowledge of these laws, to describe ‘falling in resistant 
media’ by means of more complicated formulae, which are then 
used in place of the simple ones of Galileo, and already give a much 
more accurate result. In exactly the same way, we can then 
further consider ‘sources of error’: the rotational energy of the 
rolling ball, friction, and so on, and thus approach the actual 
state of affairs with ever increasing exactness, at the cost, however, 
of mathematical simplicity. 

This whole system of successive approximations is - and this 
is the decisive point as regards our question - not arbitrarily 
constructed at any single point ; each of its parts is forced upon us 
unmistakably by nature again from quite different directions. 
We already know quite certainly from other considerations, that 
when a ball rolls down an inclined plane, friction must appear, a 
part of the energy must be transformed into rotation, and so on. 
All these are therefore anything but ‘conventions for simplifying 
the problems of falling bodies’; they are rather sub-problems or 
preliminary questions, which are presented to us, and which we 
cannot alter. The ‘stylisation’ in Galileo’s law, consists only in 
the fact that we quite consciously ignore for the moment these 
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subsidiary effects, and only consider one influence, the constant 
gravitational field of the earth. Only when we have thereby 
rendered clear the mode of action of the main cause, can we then 
go further and add that of the subsidiary causes; and the physicist 
proceeds ever3where exactly in this manner. Galileo already 
spoke in this sense of the analysis and synthesis of phenomena 
(resolutive and compositive methods). Volkmann coined for the 
whole method the expression ‘principle of isolation and super- 
position.*^® 2 

If the conventionalist were right, the whole of physics would 
have a totally different appearance. For it would then be much 
simpler, more ‘economical in thought* to develop all functions 
needed in series, and determine the co-efficients empirically. This 
is actually done in numerous cases, but only faute de mieux, 
because we do not yet know the true partial causes of the pheno- 
mena in question, and in absence of this knowledge the analysis 
of the problem into its single parts is not possible, ^\^lat use 
would it have been to Galileo (if the theory of series had already 
existed in his time) to have used, in order to reproduce the actual 
process of the rolling of a ball in a groove, a series s = -h 
+ ^3/® 4- ... instead of s = -^ at^y which could naturally have 
been made to represent all observations with any required 
accuracy. He would, it is true, in Kirchoff*s words (often 
quoted by the positivists), ‘have described the phenomena 
happening in nature as completely as possible and in the 
simplest manner,* but the very essence of the matter would then 
have been overlooked, namely the knowledge, based on his laws, 
that constant force produces constant acceleration. 

The objection of course, still remains, that observation can never 
give the exact theoretical value, on account of inevitable error, 
even in a case where the phenomena are determined by only a 
single cause; and conversely therefore, the theoretical curve can 
never be concluded from observation with absolute necessity, but 
always allows of shifts or variations within certain limits. If we 
nevertheless choose the simplest law, this, it is said, is only to be 
explained by ‘thought economy.* At this point we will leave 
the laws of falling bodies and take an example from the most 
recent physics, Moseley’s law already mentioned (see page 170). 
Does anyone seriously beheve that Moseley, when he first saw this 
extraordinary and simple relation between the frequencies of an 
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X-ray line and the atomic number of the corresponding element 
appearing from his series of observations, believed that thought 
economy required the linear form? He must at that moment 
rather have had the feeling - one could wager a hundred to one - 
that comes over every fortunate investigator at such a moment: 
the feeling of satisfaction of having once again torn from Nature 
one of her secrets, of having discovered an important fact yet 
unknown, and not of having read it into Nature. The conviction 
must have forced itself upon him, as in every such case, with 
irresistible powder, that something was behind it. This behaviour 
of the X-ray lines, simple beyond aU expectation, points unerr- 
ingly to a deeper reason for which this linear connexion must 
exist. And this expectation has been confirmed by the whole later 
development of the atomic theory, as we have seen. 

Neither positivist conventionahsm or apriorism has a satis- 
factory explanation of all this. The most important psycho- 
logical moment, that of complete surprise, is entirely ignored by 
both, for both maintain that it is really the human mind itself 
that first reads the law into nature. Only realism, which 
actually sees in such a 'discovery' the uncovering of a state of 
affairs already existing apart from the activity of our under- 
standing, gives fall value quite naturally to this experience, which 
is decisive from a psychological point of view. But, it will be 
objected, here also the simple linear law is actually only a first 
approximation. In reahty, the curve of Moseley's law is not a 
straight hne at all, it is slightly curved. This is undoubtedly true, 
but no physicist in Moseley's position would allow himself to be 
blinded by a more exact determination to the fact that, all the 
same, the approximation to a straight line must also have a 
special reason, but that secondary causes of departure from 
exact hnearity are also present. 

As long as humanity has been engaged in physics, its procedure 
has never been otherwise; and as far as I know, this manner of 
drawing conclusions has never deceived it. This method exhibits 
what Volkmann has so neatly described as the principle of isola- 
tion and superposition, and what we can also describe equally 
well as the principle of permissible neglect. ‘We live in a world,' 
says Zilsel in his valuable study on the Problem of Application 
'in which one may neglect circumstances and still know some- 
thing. . . . Though the world always remains a variable thing, a 
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thing full of partial indistinctness, these variations still compen- 
sate one another, these indistinctnesses are so fortunately distrib- 
uted, that man is able to determine quite definite relationships 
in spite of all vagueness, although, it is true, we have to keep 
on adding to these determinations without end.' It is only 
necessary to add to these accurate statements, that both the 
matter and manner of neglect is completely dictated to us by 
the object, at least in by far the most numerous and important 
cases. 

It follows from this that the whole principle relates only to the 
process of knowledge, and that the content of knowledge finally 
remains untouched by it. The old epistemological controversy 
as to whether the world is rational in itself, or whether we first 
make it so (by means of categories or conventions) is therefore 
answered by saying that it is ‘rationahsable'; from which we can 
surely draw the further (metaphysical) conclusion that it is itself 
finally rational. All that is further to be said regarding this conclu- 
sion has already been given in the discussion of the problem 
of contingency (page 214). For epistemology, we may take 
at this point of our First Part as sufficient the statement: The 
world is so constructed, that it can be known, by means of rational 
concepts, in rational judgments [laws) of increasing approxi- 
mation, and it prescribes the path of these approximations to our 
understanding. 

We cannot leave this subject without devoting a few words to 
the old problem already mentioned above, which in reaUty lies 
behind this whole discussion, the problem of 'universals' of the 
Middle Ages. In those days the controversy turned about the 
question whether concepts as such - this word being taken in the 
sense of the classical Greek philosophy - are to have reality 
ascribed to them, or whether they are mere names [flatus vocis). 
The representatives of the latter view were then called nominalists, 
those of the doctrine, derived from Plato, of the reahty of con- 
cepts, realists. A certain compromise between these opposite 
views was given by the doctrine of Abelard, according to which 
‘uni\ ersals' (general concepts) are for human knowledge post rem 
(in the sense of nominalism), in nature in re, and for God ante rem 
(in Plato's sense). We of to-day are inchned to smile at this 
controversy, in which it was discussed in all seriousness whether 
the concept 'table' or 'horse' exists as such in a metaphysical 
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sphere; nominalism appears to most people to-day as self-evident. 
But Windelband is right, when he says ifieschichte der Philosophies 
page 245) : Mutato nomine de te fahula narratur) that is, as long as 
present-day science cannot state, with full certainty and clarity, 
in what consists the metaphysical reality and effectiveness of what 
we call, for example, a law of nature. 

Let us consider as an example a simple empirical law, such as 
Snellius’s law of refraction or Newton's law of gravitation. 
Present-day nominalism (that is conventionalism) says: There is 
in nature in reality no such thing as a law of refraction, but only 
light waves, water, air, glass, and so on; and likewise no law of 
attraction, but only bodies, acceleration, and so on. The law 
exists only in the mind of man, who uses it to arrange phenomena 
on this thread. The view of aprioristic rationalism is similar. Very 
well, but the nominahst leaves one question unanswered: if it is a 
matter for us to form concepts such as angle, sine, light ray, and 
laws such as the laws of refraction, how does it come about that 
from a hundred observations of pairs of angles a and ^8, we get 
exactly the law sin ajsin /3 = n, and not Ian altan ^ = tz, or 
(i //i = or any other equation ? These facts can be turned 
around as we please: it is impossible to eliminate the fact that, in 
the totality of actual cases, there lies a something which is simply 
forced upon us, an 'objective' in Meinong's phrase, and that it is 
just this given thing that is of importance to us, and not all that 
we ourselves do in connexion with it. But the corresponding 
statement is already true of the simplest formations of concepts. 
Even concepts such as plant and animal, or oak or beech, have 
not been put into nature by us or invented in order to make it 
more easy for us to grasp; they are forced upon us by an objective 
something that was there long before men with power of con- 
ceptual thought existed. 

An epistemology which blurs or ignores such obvious facts, 
to emphasise by contrast always only the little that man for his 
part does in such formation of concepts or induction of laws, is 
insufficient, since it overlooks the main point. Realism is obliged 
to-day, to protest against such subjectivisation of knowledge, as it 
did in the time of Anselm and Wilhelm von Champeaux. In our 
opinion, therefore, we should recognise that to-day too, the exist- 
ence at least of universalia in re (possibly also universalia ante 
rent) is a well-founded thesis. This becomes quite clear when 
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we consider the fact referred to above, that every determination 
of one of the general laws in question immediately opens up the 
problem as to why this law reads just so and not otherwise. 
Consider, for example, the part played in theoretical optics by the 
law of refraction (see page 103). This question becomes meaning- 
less, or must be entirely avoided, if, as conventionalism main- 
tains, we are only to see in the formulation of empirical laws guides 
for finding our way most conveniently in the world of phenomena. 
We saw above (page 43) how in reality, every special law demands 
an explanation from more general laws, and how there thus finally 
results a total system of knowledge in which every single thing 
finds its quite definite place. This leads us to a final and con- 
cluding thought, the insight into: 

(c) The Convergency of Scientific Investigation 

If the part played by the subject of knowledge in arriving at 
the knowledge of nature were as great as conventionalist and 
aprioristic epistemologies would make it, one thing would remain 
quite incomprehensible, namely, the agreement between results 
found by the most different means, an agreement which repeatedly 
exceeds our boldest expectation, and only appears subsequently; 
an agreement not only of single numerical values, but also of 
theoretical ideas. Better than anything words can give, is the 
impression of two such pictures as the two annexed figures 
taken from Auerbach's History of the Development of Modern 
Physics. Both represent the historical development of the deter- 
mination of an important physical constant: the first the determi- 
nation of the mechanical equivalent of heat, the second the 
specific charge of the electron (page 126). They really hardly need 
any comment. 

Conventionalist positivism is obliged, in order to explain such 
obvious convergence to a quite definite limiting value, to take 
refuge in the meaningless excuse, that the conventions on which 
the method of measurement is based are changed until agreement 
is attained. This may pass as long as we are dealing with a few 
methods concerning which it is just possible to show that, in each 
case, the method has been changed in its fundamental assump- 
tions until it agreed in its results with the old. But it becomes 
absurd when, quite unexpectedly and without any further conven- 
tion or any change in earlier conventions, half a dozen different 
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Fig. 39 

Determination of the mechanical equivalent of heat (in 
metre-kilograms per kilogram-calorie) 





methods also lead to the same result, as is beautifully illustrated 
by the determinations of the Loschmidt number (see above). No 
imprejudiced physicist will, in view of such cases, allow himself 
to be talked out of his direct feeling that these agreements have 
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been enforced, not by his subjective methods, but purely by the 
object itself, which is only one, and hence can obviously only 
give a single value for the constant in question, without regard 
for the side from which we attempt to approach it. 

This assumption of the existence of truth is the fimdamental 
assumption of aU investigation whatever, and I am glad to be 
able to state that this also is the opinion of the three greatest living 
German physicists, Planck, Einstein and Sommerfeld, in express 
opposition to conventionalist and pragmatic views recently 
expressed by certain representatives of the Viennese School of 
Mach.^®* The view of Planck is that longest known. But Sommer- 
feld has recently, at the 1929 congress of physicists at Prague, 
openly opposed a previous speaker^®® who expressed pragmatic 
and conventionalistic ideas in a crude form; he said that he had 
discussed these questions with Einstein, and could declare, also in 
the latter’s name, that mankind should be thankful from the 
bottom of its heart, that Nature has equipped it with the bodily 
and mental powers for the gradual discovery of some of her 
secrets. 

This is a clear and unambiguous renunciation of the doctrine 
according to which man does not discover the truth, but so to 
speak, invents it for the practical purpose of finding his way about 
the world (pragmatism) . For example, Frank maintained at that 
Congress, that we really mean nothing more by the ‘existence’ of 
Planck’s quantum of action, than the actuEil agreement between 
the numerical values found in all sorts of different ways of certain 
factors in equations, (for example, in the law of radiation, or in 
photo-electricity) . We oppose to this purely formalist view, which 
overlooks the essence of the matter, the fact, which cannot be 
abolished by any nominalist sophistry, that this very agreement 
has not been brought about by the conventions in question, but - 
to the greatest surprise of the discoverer himself and of everyone 
else who hears of it for the first time - was only determined after 
the event and by experience. And it is equally superficial, as we 
have already seen, when Frank in the same address again attempts 
to regard the purely formal agreement of the laws of propagation, 
in Mach’s manner, as the only inward meaning of the assertion of 
identity in nature between light and electro-magnetic waves. 
What we are actually dealing with here has been made clear 
enough above. 
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We therefore adhere, in spite of Frank, to the ‘school philo- 
sophy' which he so despises, and which according to him is wrong 
in starting from the opinion that the truth exists prior to our 
judgments concerning it. Frank and others attempt to make this 
opinion ridiculous by saying that one might just as well ask 
whether the irrational numbers of mathematics exist, which are in 
reality only another name for convergent infinite series without 
rational limiting value. This comparison fails in two respects. 
In the first place, because in pure mathematics, convention, that 
is definition, actually plays quite a different and more decisive 
part than in physics, where definition must always be adjusted to 
experience. In the second place, because even for pure mathe- 
matics, as we have already stated above (page 48), it is not by any 
means settled that the purely nominalist avoidance of the problem 
really abolishes it. Even in this subject, there may be much more 
truth in the old Platonic doctrine of knowledge as recollection, 
than nominalism, which is to-day completely dominant in mathe- 
matics, would like to admit. 

However that may be, in physics at any rate, there cannot be 
any question of such pure nominalism, since here everything of 
decisive importance comes not from the subject, but from the 
object, and this not only holds for the values of constants; it holds 
- and this is of much greater importance - finally also for the 
whole system of theoretical knowledge itself. This also obviously 
converges towards a single end. However often several various 
theoretical views first compete with one another, and however 
often it may also seem that two, or several such, might stand with 
equal authority alongside one another, the history of physical 
knowiedge shows in reality that ambiguity of this kind does not 
last, but that one theory, the true one, finally wins the day over 
the others, which are false. If conventionalism were right, there 
w^ould be several quite different sciences of physics. Carnap, for 
example, actually counts up, in an otherwise excellent paper on 
the problems of physics,^®® four different systems of physics. 

If we look more closely, it is easy to recognise that the systems 
of physics which he puts forward as systems of equal authority, in 
reality only represent partial truths, and hence by no means 
exclude one another, but rather supplement one another's defici- 
encies, inasmuch as each system only expresses certain sides of the 
whole physical reality. For example, it is distorting the facts 
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to put the quantum theory as a system alongside relativity. We 
have sufficiently shown, above, that the general theory of the field 
given by the latter, and the fundamental conception of the 
quantisation of aU matter which is characteristic of the first, are 
for the moment not deducible one from the other, with the result 
that a certain dualism doubtless exists; but for this very reason 
there is no contradiction between the two bodies of doctrine, one 
being for the moment as necessary as the other, if we are to under- 
stand the totality of known physical phenomena. Hence, 
conventionalism is completely unable to bring forward any proof 
that even as many as two systems of physics exist. 

The following point of view is still more important in this 
connexion. Even if it must be conceded to conventionalism that, 
in the beginning, a greater or less freedom in the formation of 
subsidiary ideas, concepts, measurements, and so forth, exists, 
and also that initially the active contribution of the subject of 
knowledge plays an essential part, these arbitrary elements (or 
‘particular determinations,’ to use Lange’s expression) are more 
and more eliminated as time goes on, as we have seen from the 
history of the concept of temperature. The 'degrees of freedom’ 
therefore diminish in number, and as far as we can see, only one 
possibility really remains as a final result. Everything else simply 
converges towards this, often in an overwhelming manner. 
Conversely, on the other hand, we find that the number of diffi- 
culties meeting every totally or partially wrong theory grows, at 
first perhaps only slowly, but finally Uke an avalanche; it is 
obvious that in this case, to make use of the instructive 
arithmetical expression, we are confronted with a divergent 
series. 

This divergence in the one case, and convergence in the other, 
form, in the author’s opinion, the decisive argument against every 
kind of theory of scientific knowledge which lays too great a stress 
on the part played by the human mind, for they are historical 
facts, which could not themselves be deduced a priori, but are 
simply recorded a posteriori. They prove that the tacit assump- 
tion behind the whole of scientific investigation, our trust in the 
possibility of knowledge concerning an objective set of facts, is not 
an unjustifiable prejudice, but is based upon good resison, and that 
we are therefore re^y approaching a final condition of physics, in 
which aU part-discoveries are comprehended in a single unitary 
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logical structure, that may naturally be approached from all sorts 
of different points, as in teaching, but in itself is always the same, 
no matter at what point we begin. 

This point of view is proof against two final objections which 
are frequently raised in course of the discussion. The first claims 
to be based upon the undoubted historical fact, that several times 
in the history of physics, a unitary physical world-picture has been 
supposed very near, only to be followed by the necessity, as a 
result of entirely undreamed-of new discoveries, of beginning 
again from the beginning. We may recollect the fate of the 
mechanistic world-picture of the i8th century, or the electron 
theory round about 1900. This objection plays an important part 
in the essay of Chwolson’s referred to above. He tries to prove 
that man makes himself ridiculous when he supposes himself to 
have exhausted the possibilities of the universe by the little that 
he is able to learn of natural law upon his earth. This objection 
depends upon a false generalisation which amounts to much the 
same thing as if people had believed, in Cook's and Magellan's 
time, that new continents might still be discovered ad infinitum. 
A limit was set to such discoveries by the finiteness of the earth's 
surface. A time had to come when the last continent was dis- 
covered, and, as we know, it came with the discovery of the 
Antarctic. From now on, geography can plan out its investigations 
of the few blank spots still to be found on the map, and can thus 
tell us exactly what still remains to be discovered. No sensible 
man would start off to-day without any plan to travel about the 
world in the hope of finding unknown treasures, kingdoms, and 
countries. 

We have reached a similar point in physics to-day. We are now 
able to state very exactly where lie the problems still to be solved, 
a fact demonstrated by the whole of our discussion in previous 
chapters. It is a vain hope, still sometimes believed in by the 
laity, that a fundamentally new discovery could be made in the 
manner of Galvani or Robert Mayer, by random experiment or 
purely speculative theorising. AU really great theoretical and 
experimental discoveries of the last decade have been made by 
trained specialists, and by far the greatest number by those who 
had long stood upon the highest points of science before they made 
the discoveries which astonished the world. The time of happy 
chances is long passed, a fact most clearly proved by the high 
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point already reached in the development of theory. This first 
objection therefore amounts to nothing at all. 

The second objection, which is often raised at this point, is of 
no greater potency. It is supposed to be a danger of the view we 
are putting forward, that the belief in our closeness to a unitary 
solution of all physical problems will destroy the attraction 
towards investigation, and result in stagnation of our mental life, 
at least in this department. The answer in the first place is, that if 
a problem is really solved, it is solved. But in the second place, it 
is a great mistake to suppose that the attainment of such a unitary 
system of physics as we have foreshadowed, would cause investiga- 
tion to cease. It would rather only begin in greater earnest. Is 
mathematics at a standstill, because, generally speaking, it 
proceeds deductively ? Has the investigation of electrical or 
astronomical phenomena suffered under the fact that simple 
fundamental laws were found for them ? Exactly on the contrary, 
this fact only sufficed to stimulate investigation. This is easily 
explained. For even if the law itself is a simple unity, the number 
of special cases and consequences which it includes are still 
infinite, and afford the human mind an endless field of activity in 
seeking ever new combinations and comparing them with experi- 
ence, Who knows how many, and still unknown phenomena we 
may be able to explain by means of the electron theory ? It is 
probably only a portion of the whole of reality, and hence itself 
only a special case, but it already includes an infinite number of 
single phenomena. 

This would be still more true of a system of explanation inclu- 
ding the whole of reality. The result would be investigation and 
discovery, combination and recognition in experience, of which 
we may form a feeble picture by recollecting the triumphs of the 
optics of crystals and of modern spectroscopy, the coal-tar colour 
industry, and wireless telegraphy. Even the converse of this, the 
‘chance discovery' of new phenomena, is not in the least impossible. 
For we experience this every day, even in departments already 
provided with a fully worked out theory. They then can be 
arranged within the existing system of explanation, but a very 
considerable amount of mental labour is often necessary for this. 
The reason for the possibility of the enjoyment of such discoveries 
and of such problems requiring explanation, is to be found simply 
in the finite and limited nature of the human mind, which is quite 
Rs 
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pains to prove, that we must Jiscribe a transcendental, and not 
only an immanent validity at least to statements regarding 
time, if not also to those regarding space. Both authors have 
likewise maintained the transcendental validity of the category 
of causahty, although Becher wishes to regard this only as a 
plausible h3^othesis. 

We are now confronted with the interesting fact, that physics 
itself has already progressed to more radical conclusions in this 
respect than the epistemological reahsts were willing to concede 
to it. According to present-day physics, as we have seen above, 
neither the time-space determinations nor the old categorical 
ones (substance and causahty) are anything more than bases for 
statements which cannot be further reduced. The physics of 
to-day, in the first place, does not any longer know separate 
determinations of time and space, but, as is proved by the 
relativity theory (also by the quantum theory with its empha- 
sis on action), only the Minkowski union of both. This already 
leads to the conclusion that it is at least a doubtful thing 
for epistemology to undertake on its part to measure space and 
time with different measures, and I was not convinced that Erich 
Becher, with whom I had a detailed discussion some time ago,^’® 
could refute my objections in this respect. In the second place, 
present-day physics, as we have seen, no longer recognises the two 
categories substance and causality as fundamental, so that aU 
attempts to save the transcendental validity of causality are to- 
day open to the objection that epistemology is more papist than 
the Pope, more reahstic than realistic science itself, if it attempts 
to maintain unconditionally this point of view. 

What physics stiU needs - though an exact definition cannot 
be strictly given even to-day - is rather a something which is at 
once matter and energy, substance and action, and that is arranged 
in the world of the relativity theory in a four-dimensional mani- 
fold, (this word being taken in the purely abstract mathematical 
and not in the geometrically concrete sense). Physics thus 
actually arrives at the statement recently formulated by Driesch 
as starting point of his own critical-realistic epistemology: i’* T 
have something consciously ordered.’ Or Eddington has stated 
it in other words as follows: ‘ “Give me matter and motion,” said 
Descartes, ‘ ‘and I will construct the imiverse ! ’ ’ The mind reverses 
this (in present-day physics): “Give me a world -a world in 
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which there are relations, and I will construct matter and motion.” ' 
{Space, Time, and Gravitation, page 198.) Only we must not here 
overlook the fact that this result of physics is not the result of 
epistemological meditation, but the final formulation (with an 
element of anticipation, however) of the content of knowledge. 
We have already, in discussing the contingency problem, hinted 
that this coming together of the final fundamentals, since it is 
not arrived at through an a priori setting (as the apriorists 
thought) but by convergence appearing a posteriori, perhaps - or 
may we say probably ? - tends towards a rehabilitation of the old 
belief in the rational foundation of the objective world (Plato’s 
doctrine). In this sense, another thorough critic of the relativity 
theory, Wintemitz, says at the close of his excellent book^’® on 
this subject: 'Light may perhaps be thrown upon this darkness 
(the problem of knowledge) when we consider that not only is our 
reason a part of nature, but that nature must also in some way be 
concerned in reason. If we no longer see in nature and reason two 
realms, worlds apart, which have nothing in common, we are 
not therefore obliged to put reason on a level with a mindless 
nature, and so reduce it to a mere biological tool, to the ‘‘lantern 
of the will”: we have equally good grounds for believing to be 
effective in the world external to us that power for which, and 
through which alone, there is a world; namely reason.’ 

However this may be, this short reference is sufficient to show 
that we have arrived at a point at which the sharp boundary, 
rightly drawn by the critical realism of the past between itself and 
physical reahsm, begins to vanish. The only category that the 
first needs to postulate, a category which is transcendentally valid 
(that is, with reference to things-in- themselves), the category of 
order, cannot be very essentially different from the order which 
distinguishes the world of the relativity and quantum theories, 
for the latter also is not a form of perception, but simply an 
abstract mathematical scheme (see above page 219). It is thus 
scarcely possible any longer to find a reason for distinguishing 
between the two. It may be remarked in passing that order, in 
this sense, includes distinguishability and hence numerability, for 
if anything is to be ordered, it is naturally first necessary to dis- 
tinguish one thing from another, and what can be distinguished 
can also be counted. But in the transcendental validity of order, 
we have then further to imagine as included everything that was 
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said above concerning the reality of universals. If order is given, 
relation is also given, and the functional equations of mathematical 
physics are nothing but the expressions of such principles of order. 
These - we state this in strict opposition to all mere nominalism - 
are not put by us into things merely in order to enable us to over- 
see them and approach them practically, but are found out by us 
from the thing, although only by way of continual approximation 
to the truth. 

This brings us to the second fundamental problem of episte- 
mology, the old question: What is truth ? This question has 
already been answered in the whole of our previous discussion 
implicitly, and explicitly in the last chapter. Truth, at least in 
physics and altogether in science, is not generated by the mind, 
but only grasped by it, though only, it is true, by way of an infinite 
process of approximation. In our opinion, Lichtenberg is right 
in saying that truth is the asymptote of research. Our knowledge 
of reality is not a conceptual structure, for ever suspended over 
things, and based solely on conventions and definitions created for 
the purpose of thought economy; it offers us a picture of reality, 
that is of an objective body of facts already existing before all 
knowledge; a picture which is continually becoming more and more 
adequate. 

The decisive reason for this view of the matter is the convergence 
of the part-results, which we find by experience and which is 
not settled a priori. This can by no means be reduced to the 
unambiguous definition which is here, again and again, upheld by 
nominalist positivism. Schlick, and with him the whole of 
the new Viennese school, maintain that all our scientific state- 
ments are not actual statements concerning reality but only 
concerning our designations of real things (they are supposed all 
to amount to our being obliged to keep this system of designation 
in agreement with itself) . This theory, as we believe to be suf- 
ficiently proved by the foregoing, is refuted by the simple fact that 
our mode of designation had obviously nothing to do with the 
constants of the radiation law proving identical with those of 
photo-electricity, or with the Loschmidt number derived from the 
elementary electric quantum agreeing with the value derived from 
the kinetic theory of gases. 

There is nothing to be done about it. Here the object itself, the 
thing meant and not our meaning of it, stands like a rock in the 
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middle point of the decision. These convergencies depend upon 
it and not upon ourselves; in the opposite case, when a theory fails 
to work, no nominalism and no apriorism help us out of the diffi- 
culty. The grandest, and when we think about it, the most over- 
whelming feature of the whole development is that this apriorism 
or mere formalism (they are both only different forms of genuine 
modern subjectivist attitudes), though quite false as starting 
points, finally receive their rights at the end, namely at the point 
where reason recognises, as we said above, that it finds itself again 
when it reaches the end of nature. But this objective spirit 
behind nature is denied by positivism itself, which ascribes too 
great a part to subjectivity within science. It attempts to 
mathematicise physics, that is, to make it an affair of pure con- 
struction on a freely chosen basis at a point when this cannot be 
done, because we have first to learn from nature how and what we 
are to make our basis. At the same time, the real final aim, the 
complete rationalisation of physics, the final possibility of which 
is our hope to-day, escapes it, because, being satisfied with for- 
mulae, it attempts to get rid of things too early, and thus misses 
the last formula which alone really dissolves the thing, or in other 
words, is able to close the circle spirit-nature-spirit. In our view, 
on the contrary, ,the saying 'man has nothing but what heaven 
has given him,' is true also for physics. 




PART II 


COSMOS AND EARTH 

In the first part we attempted to state what present-day 
science can tell us concerning the general laws of non-living 
nature. If we describe this knowledge, in Dingler’s words quoted 
on page 215, as the 'theoretical prime structure* we have by con- 
trast, as we there explained, the 'historical prime structure,* 
that is, the sum of our knowledge of what is actually realised with- 
in the frame of these general laws. The philosophers of the Middle 
Ages were accustomed to describe the former as the essentia of the 
world, as contrasted with its existentia. The natural sciences are 
correspondingly divided into the two general sciences of physics 
and chemistry, and the special sciences, such as astronomy, geo- 
metry, and so on. 

We may here make a few remarks concerning the classification 
of the sciences. The Rickert school has attempted to divide the 
whole of the sciences into the two main groups of the 'nomo- 
thetic* sciences, that is those containing laws, and the 'idio- 
graphic* sciences; the natural sciences being quite generally placed 
in the first group, history and the so-called moral sciences in the 
second group; the latter, according to these authors, being funda- 
mentally concerned only with what has happened once and never 
recurs in the same form. This position has met on other sides 
with serious objections, which in my opinion are justified. But in 
reality the special natural sciences, for example geology, are 
idiographic in exactly the same sense as history, for example. 
Geology also deals with a process only occurring once, the history 
of our earth, and in it also the general laws (in this case those of 
physics and chemistry, in the former case those of psychology, 
political economy, and so on) are only means to the end of explain- 
ing tliis unique process, the history of the earth. The difference 
lies only in the complexity of the objects. Human actions in 
history are so overwhelmingly complicated that general laws are 
very much more difficult to discover, and hence much less capable 
of application than are the physico-chemical laws in geology, 
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The difference is therefore due to the material and not to the 
method, as has been convincingly shown, particularly by Erich 
Becher in his profound book Moral Sciences and Natural 
Sciences 

The question of the unambiguity of natural laws does not 
need to be referred to again at this point. The physico-chemical 
laws hold in macroscopic dimensions, as we have seen, with prac- 
tically unlimited accuracy, so that we are able to take as a basis 
for our present purpose, without noticeable error, the classical 
determinist world-picture, only reserving the right to enter into 
the question of departure from strict causality if necessary, in 
view of a particular case. (We shall see that such a case is given 
by biology.) According to this classical picture, the present state 
of the world and the present laws of nature give unambiguously 
its state in the past and future (see page 202), and in practice 
every such science, for example, astronomy, amounts to such 
calculation forwards and backwards. 

The question is what, in such circumstances, science can find 
out, and has found out, concerning the existentia of the historical 
prime structure. There are three practical hindrances in the way 
of such knowledge. In the first place we do not yet know the 
fundamental law of all physico-chemical processes, but only 
single laws, which as such are valid to yield special conclusions in 
special cases, but for that very reason are only to be regarded as 
of limited validity. Every law, even the law of energy, regarded 
from this point of view is an approximation, which holds or would 
hold with given premises, concerning which we cannot always say 
with what degree of accuracy they are fulfilled. This is only 
another expression for the truth discussed above on pages 77, 79, 
that there is, strictly speaking, no single pure mechanical, electrical, 
or other similar process. Since we therefore cannot know whether 
whole regions of physical phenomena still remain for the present en- 
tirely unknown to us, we are, on the one hand, entirely dependent 
upon extensions made by pure supposition, and on the other hand, 
never absolutely certain in practice, that a quite beautiful calcu- 
lation may not be illusory, because a factor acting in the process in 
question has been completely ignored by reason of our ignorance 
of physical law. 

In the second place, we always know only a part, more or less 
small, of the real world. Our senses and instruments soon reach 
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a limit which cannot be exceeded, and this is true not only as re- 
gards spatial extent, but also as regards accuracy in detail. While 
we are able here on earth to observe singly ultramicroscopic 
bodies of 5 fi/j. diameter, details kilometres in size escape our ob- 
servation on the moon, or Mars, or the sun. Hence in many cases 
our calculations can only be approximate, and we are obliged to 
neglect more delicate influences (see above, pages 231 ff.). Another 
reason also frequently enters in. Cases exist where, theoretically, 
we might acquire knowledge of aU necessary details, but in practice 
are unable to realise this because we cannot make an infinite 
number of observations, or even only because we cannot pay for 
them. 

Finally, a further difficulty arises in many cases from the fact 
that even with sufficient, or more than sufiicient, observational 
material, we are not able to carry out the theory of the processes 
in question quite exactly, because our mathematical powers fail 
us. 

In other words, our knowledge is limited; i, in respect of the 
variety of the physical laws; 2, in respect of the variety of existing 
states; 3, in respect of our theoretical means for meistering the 
problems. It is easy to find examples of all three cases. 

A good example of the first is found in the attempt to calculate 
the age of the earth on the basis of its cooling from the sun tem- 
perature, taken as initial, down to its present surface temperature. 
These calculations have been carried out with greater or less con- 
sideration of various details. But aU these became completely 
illusory at the moment when we were obliged to recognise that a 
factor probably affecting the result in decisive fashion had been 
completely ignored, namely radio-activity. AU earUer calcula- 
tions depended upon the assumption that the earth itself contains 
no further source of energy, which would be partiaUy able to make 
up for its external loss of heat, apart from the quantities already 
included in the calculation (chemical processes, etc.). Then came 
the discovery of radio-activity, and the proof by Elster and Geitel 
that the earth contains, at least in its rocky crust, an enormous 
store of radium and other radio-active bodies. These form a new 
source of energy, from which it can be supplied in such enormous 
quantities that other terrestrial sources of energy are almost 
neghgible as compared with it (see page 127). 

Meteorology forms a good example of the second deficiency in 
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our means of knowledge, though, here also, all the factors are 
not within our knowledge, (we know for example even to-day very 
little concerning the influence of electrical processes in the sun on 
the weather). But even if we assume for the moment that we 
knew completely the nature of all factors concerned, it would stiU 
be impossible to prophesy the weather exactly in all its details, 
simply because we are unable to set up as many posts for observa- 
tion as would be necessary. 

Regarding the third point, the difficulties connected with theo- 
retical computation, it is sufficient to remind the reader of the 
'problem of three bodies,' that is to say the calculation of the 
motions of three heavenly bodies attracting one another according 
to the law of gravitation. This problem is insoluble in its strict 
form, since the differential equation in question cannot be inte- 
grated. Astronomy, it is true, is able to manage in spite of this, 
since methods of approximation exist, which enable the problem 
to be solved with any desired degree of accuracy for every single 
case that occurs (theory of disturbances, theory of the moon, etc.). 
A similar way out is found in numerous other cases of the kind, 
approximate mathematics taking the place of a mathematics of 
precision. But there are still numerous problems which have 
hitherto found no satisfactory solution, the mathematical diffi- 
culties being too great. The theory of the motion of liquids, 
taking friction into account, is one example, and there are many 
others. It is then only possible to deal with individual cases, 
certain simplifying assumptions being made, which more or less 
correspond to some actual practical case. 

Are we then to admit that those are right who are fond of talking 
of the insoluble secrets of nature, of a limit to our knowledge, and 
of our present day ignorance, which they believe will always re- 
main ignorance ? I do not think that this should be done without 
further question. The whole history of science is rather a single 
body of testimony to the fact that nothing does more to remove our 
limitations in the three respects named, than our insight into the 
insufficiency of our knowledge in respect of one or other special 
problem. All research grows with and out of the tasks which 
are set it. When, for example, mathematics was not able to 
supply astronomers with the means of integrating the three body 
problem, a search was made until another way was found which 
practically did what was required. 
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Speaking broadly, the general sciences (physics, chemistry, and 
also mathematics itself) have profited as much from the special 
sciences (astronomy, etc.) as conversely. History shows us every- 
where that insight into the general laws of physics and chemistry 
has arisen in innumerable cases out of, and with reference to, 
special problems presented by astronomy, geo- and astrophysics, 
etc. The classical example is the mechanics of Galileo and 
Newton in their relation to astronomy. Hence we should have no 
doubt that the future can and wUl bring us innumerable scientific 
achievements of this kind in this field, such as Newton’s mechanics 
of the heavens, the application of spectrum analysis to the 
heavenly bodies, etc. 

The problem for unprejudiced consideration thus remains that 
of finding the true mean between the Scylla of hyper-criticism 
and the Charybdis of scientific dogmatism. In this respect, 
special attention should be drawn to one point: the part played 
by the hypothesis in the existential sciences. While in physics 
and chemistry, hypothesis is only directed towards general bodies 
of facts, it is sometimes necessary in the special sciences to make 
a plausible hypothesis concerning the initial state; for example, 
when considering the history of the development of our planetary 
system. As opposed to the physico-chemical h3^othesis, such 
hypotheses are characterised at the start by not being verifiable in 
the strict sense, since in the first place, no one was there, and in 
the second place, documents in the sense of historical documents 
are not avaUable. The conclusion is frequently drawn by the posi- 
tivists that these hypotheses are therefore only in the nature of 
‘as if.’ 

A view of this kind, however, once again misses the main point. 
It is in reahty by no means the sole object of science to understand 
the present state of affairs; its goal is rather the whole course of 
events in the past, present, and future. A mere ‘as if’ as regards 
the past, is not in the least sufficient. Science wishes to know 
what happened, not what we may imagine as an explanation of 
the present day. Hence for geology, hypotheses concerning states 
of the earth are not by any means constructed with the object of 
understanding the present state of the strata, etc. : on the contrary, 
examination of the latter serves as the means of drawing con- 
clusions concerning past conditions. It is clear that these con- 
clusions are condemned to remain hypothetical, but this by 110 
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means changes the direction of our aim. Here again, the pre- 
mature resignation of positivism spoils from the start the whole 
object of research. 

This state of affairs is still more evident in cases where we are 
not dealing with causality in time, but with contemporary states 
in separate parts of space (in the sense therefore, of what was said 
on page 68 concerning co-existences determined by laws, and not 
successions) . Here the hypothesis made by the individual science, 
such for example as one concerning the state of the interior of the 
earth, or of the sun, is in the great majority of cases no more cap- 
able of direct confirmation than in the first mentioned case, where 
an assumption was made concerning the past states. Neverthe- 
less, here again our object is to find the truth about a set of facts 
not directly accessible to us. Now and then it may quite well 
happen that, contrary to all expectation, direct examination of 
the facts becomes possible. For example, a hypothesis con- 
cerning the nature of the earth below the surface may possibly be 
directly tested by boring, so long as it is not necessary to go too 
deep. But it is obviously absurd to use this practical technical 
limitation to ascribe to a hypothesis concerning the nature of the 
earth at a depth of 100 kilometres, a quite different epistemological 
position from that of one concerning 100 or 1,000 metres depth 
where practical confirmation is in any case possible. 

A theory of knowledge which forces us to such unnatural 
distinctions, thereby proves itself untenable. It is, on the 
contrary, evident that the sentence; the earth has such and such 
properties at a depth of 100 kilometres is in itself meant in exactly 
the same sense as; it has such and such properties at a depth of 
100 metres. The possibility of direct proof in the latter case, and 
impossibility in the first case are quite secondary matters and have 
nothing to do with the essential nature of our knowledge, but are 
simply questions of human technical ability. Nor are matters 
any different when we now pass on to other quite similar hypo- 
theses, as, for example, concerning the physical nature of the 
heavenly bodies. Here also, the actual goal of knowledge is, and 
remains, the proof of a real set of facts, which, since we cannot 
ascertain them directly, we seek to discover by indirect means. 
Here too it is quite irrelevant as regards the sense of the question 
whether we consider a later direct examination (for example by 
a journey through space) as possible or not. But if this is once 
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admitted concerning hypotheses relating to present-day facts, 
it must also be admitted concerning past facts, the more so because 
no sharp distinction can be drawn between the two. 

We therefore firmly maintain, as against all positivist and 
fictionalist denials, that the existential sciences are attempting in 
the full sense of the word to find out the whole actual state of the 
world in the past and present, and as far as this is possible, in the 
future also, and from this point of view, we will now inquire to 
what extent these sciences have attained their ends. We may 
divide this question into two parts, namely what science is able 
to tell us of the world process as a whole, and what it knows of 
single parts of the same. To both we must answer: much more 
than nothing, but far from enough to really satisfy our thirst for 
knowledge. 

Concerning the world process as a whole, we can obviously only 
make statements on the basis of laws, which are to be regarded 
with more or less probability as generally valid. Up to the present 
we only know three such laws, namely the law of energy, the law 
of mass, and the law of entropy. It was repeatedly remarked in 

the last chapter, that the laws of mass and energy are probably 
only two sides of one and the same truth, which with Haeckel we 
may suitably describe as the law of substance, although we are 
not able yet to define its content with complete certainty. It is 
finally a question, regarding such a general law of conservation 
to be found in the future, of the exact physical formulation of the 
fact, already suspected by Descartes and other philosophers, that 
no part or property of the world arises out of nothing or disappears 
without compensation. 

From this point of view, it has been supposed possible to draw a 
very much wider conclusion, which purports, it is true, to be only 
another form of the same truth: the law of conservation. It has 
been said to follow from the law of conservation that the world 
cannot have an end-point in time either forwards or backwards, 
but must exist from, and to, all eternity. It has then been 
further said, that this law must be regarded as a physical con- 
tradiction of the assumption of a creation out of nothing. 

No very deep logic is required to see through the error of this 
conclusion. On the one hand, we can see at once that the suppor- 
ter of a belief in creation regarded in this sense is in no way pre- 
vented, but rather in every way compelled, to say that God once 
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created the world, and now allows it to exist unchanged in its 
material extent. This is the experience expressed in the laws of 
energy and mass, or the law of substance. On the other hand, it is 
also clear, that the laws of energy and mass, when applied to the 
world process as a whole, only jdlow a purely negative statement 
to be made, namely that this law does not allow any beginning or 
end of the world to be determinable. As far as it is concerned, the 
world may always go on as it is at present, and may always have 
done so. 

But this by no means proves that statements concerning these 
matters may not be made on other grounds. That is also true 
on a small scale. Let us assume for the sake of simplicity the 
strict validity of the law of conservation within the mechanical 
field, and imagine a pendulum swinging without friction or resist- 
ance. It is clear that the law of energy then states that the 
pendulum wiU continue to swing without limit. As far as this law 
is concerned the pendulum might have swung from the beginning 
of the world and continue to swing till the day of judgment. But 
everyone sees that this does not prevent the pendulum having 
been made at a quite definite point of time, hung up, and set 
swinging, and that the physicist who did this can take it down and 
bring it to rest, in spite of all conservation of its mechanical 
energy. 

To return to the world process, anyone therefore who wishes to 
assume an end and a beginning of the world in spite of the energy 
laws, only needs to assume that the world cannot be completely 
exhausted by physico-chemical laws, but contains forces of quite 
another kind, or even owes its origin to such forces. The matter 
is similar to the well known example, that an object inside a closed 
circle cannot get out, as long as it is compelled to remain in the 
plane, but can do so immediately as soon as a new dimension of 
space, the third, is available. The only question is whether we 
have sufficient reasons for assuming a third dimension; in om: 
case therefore a power, which is able to create out of nothing and 
annihilate, and for the further assumption that this power has 
actually done so or will do so. Here we are merely concerned to 
point out that the energy law as such cannot contribute towards 
deciding this question. 

For the rest, as was already indicated on pages 202 ff., and will be 
further discussed with special reference to the theory of relativity. 



LAW OF ENTROPY 


257 

the whole statement of the question is wrong from the start if we 
speak of creation in the sense of a beginning in time of the world, 
since before that point of time, there would thus be time, but no 
world, in existence. For time is to be regarded as a property of 
the world itself, quite apart from the very definite formulation of 
this fact in the relativity theory. 

The total result of the teaching of the law of conservation can 
thus be no more than that, as far as the world is regarded purely 
physico-chemically, neither a beginning nor an end of its process 
can be determined. But in no case does the law of conservation 
tell us anything about what happens. It simply states that, 
when anything whatever happens, the energy and the mass, or 
some concept common to or including both, remain constant. 
But whether anything happens, and what happens, is evidently 
not yet completely determined. The energy-mass law is a neces- 
sary, but not sufficient condition of aU happening. 

We have, however, a further general law which appears appro- 
priate to fill this gap, namely the law of entropy. So much has 
already been written and talked about its meaning as regards our 
general world-picture, that scarcely any other law can be compared 
with it in this respect. Many people, for example, have regarded 
it as a welcome aid to proving the finiteness of the world, and hence 
the necessity for the assumption of a creator. On the other hand, 
Haeckel regarded it as a contradiction of the law of substance, and 
hence entered into a very ill-founded attack upon it, which 
brought him a hard but well deserved reproof from the physicist 
(Chwolson). The layman, therefore, may be recommended to 
regard with great suspicion in all circumstance such discussions 
concerning the law of entropy. We will attempt to arrive here 
at a result not open to objection from any side, even if this be only 
negative. It ia after all a very good thing to know what one can 
prove and what one cannot. 

The content of the law of entropy, or second law of thermo- 
dynamics, has already been shortly given on pages 95^®®. It 
states that, in molar dimensions, perpetual motion of the second 
kind is impossible, that is, that no apparatus can be made which 
remains in perpetual motion without addition or loss of energy. 
The reason for this is the degradation of energy by dissipation, 
which takes place, if not otherwise, then at least by heat conduc- 
tion and heat radiation. This dissipation means, as we saw above, 
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in the light of the kinetic theory no more than that the most pro- 
bable condition of distribution of velocity is automatically set up 
among the unordered movements of molecules. 

We now describe that fraction of the total energy which can be 
transformed at will into other forms of energy as the ‘ free energy' 
of the system. The law of entropy can then be so formulated, that 
the free energy of any system left to itself, always falls to in- 
creasingly smaller amounts in the course of a sufficient length 
of time, since dissipation of heat causes the difference of 
temperature, to which the transformable fraction is proportional, 
to become continually less. In short, the free energy continually 
decreases. This process takes place automatically without our 
intervention. But it should be expressly noticed that this refers 
to processes in dimensions large compared with molecular 
dimensions. The law of entropy is a statistical law, a law of 
averages (see above). 

From the fact that, as the law of entropy states, the free energy 
continually diminishes in every finite closed system of bodies, it 
has been believed possible to draw a very far reaching conclusion 
concerning the world as a whole. It has been supposed to lead 
to the conclusion that the world is proceeding towards certain 
‘heat death,’ like any other physical system which receives 
no energy from outside, and since, on the other hand, the world 
has not yet suffered this fate we must conclude that it cannot have 
existed from infinite time, since the end would otherwise have al- 
ready come. In this way many Christian apologists in particular 
have believed that a kind of physical proof of creation, or of the 
existence of God, could be given; many others, for example 
Ed. von Hartmann, have declared this argument to be ines- 
capable. Let us now consider how matters stand with regard 
to it.^*® 

Leaving aside the tacit assumption generally made here that 
the law of entropy is really valid, we can nevertheless see that to 
conclude finiteness in time from it is a fallacy. For it at least 
assumes that the finiteness in space of the world has already been 
settled somehow or other. If we assume a world infinite in space, 
the levelling up of energy in it will undoubtedly take infinite time, 
even if this process should always take place with the velocity of 
light, which is by no means the case. Within a universe infinite 
in space, one could not conclude even for a single definite system 
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in it the necessity for final heat death, since no guarantee would 
exist that this system would not repeatedly receive energy in an 
available form from outside. 

But this is not, as von Hartmann thinks, a reason for postulating 
the finiteness in space of the world, in order that the law of entropy 
may be really exact. The law of entropy itself contains the 
express assumption that we are de2iling with a finite system closed 
in itself, and receiving no energy from outside. It is true as long 
as this assumption holds. Anyone who agrees with von Hart- 
mann in concluding that the world must be finite in order that the 
law of entropy may hold, can equally weU conclude that friction 
cannot exist in order that Galileo’s law of falling bodies may be 
true. This is a pure sophism. To make still another comparison: 
if a quadrilateral is a parallelogram, its diagonals cross at their 
middle points. What would von Hartmann have said to a mathe- 
matician who concluded from it that all quadrilaterals must be 
parallelograms, in order that this rule may be an absolute geo- 
metrical truth. It is a matter of an equivocal use of the word 
‘assumption.’ 

Other defenders of the consequences of the law of entropy try 
to get round the inconvenient objection of possible infiniteness of 
the world by somewhat different means. They start from the fact 
of experience that the universe is divided into a number of single 
systems relatively isolated fairly completely. Even a sun such as 
Sirius, the radiation of energy of which to the earth is measurable, 
nevertheless dehvers to our whole planetary system so minute an 
amount as compared with its own energy balance, that it can be 
completely neglected without any perceptible mistake. W’e can, 
therefore, regard our planetary system as an isolated one, or at 
least as one receiving no energy from outside. (It rather loses 
continually enormous amounts of energy, and in so far is not 
isolated). Now the same is true in greater probabihty, in greater 
dimensions, if we take our whole system of fixed stars as repre- 
senting a cosmic island. We can assume that, even if other 
systems exist, the distance of these from our own is related to the 
diameter of one of these systems, about as the distance of two 
planetary systems to the diameter of omr own system of planets 
(see below page 275). Just as little as one planetary system (one 
sim) influences another in view of the enormous relative distance, 
so little will other cosmic islands, if such exist, influence our own 
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system, that of the Milky Way. This may again be regarded as 
relatively completely isolated, and hence must end with heat 
death. Furthermore, our cosmic island is generally tacitly identi- 
fied with the universe as a whole, and the conclusion is then drawn 
that physics must therefore admit the finite duration of the world 
process on the basis of observed fact, thereby justif3dng the 
doctrine of creation. 

But when this crude change of terms is avoided, the whole line 
of thought proves no more than what we knew already, namely 
that the exchange of energy takes longer, the larger the system 
considered. Whether we then consider a planetary system, a 
cosmic island, a glass globe, or a few cubic centimetres in the 
laboratory, is a matter of complete indifference. No one denies 
for the moment that every finite system tends towards heat death. 
But no one can say what will happen when we proceed in thought 
to infinity. We can only say, by way of an estimate, that the 
affair will last longer, the greater the dimensions become, and not 
only proportionately to the dimensions, but a relatively much 
longer time. This follows from the fact, that the energy content 
of a system is proportional, in first approximation, to the volume, 
that is the third power of the linear dimensions, whereas the level- 
ling of energy is proportional, in the first place, to the size of the 
surface and hence only to the square of the linear dimensions. 
Hence the only conclusion, if any conclusion is possible there at all, 
is that infinite extension in space makes the world process more 
than ever infinite in time. But it is preferable to realise that such 
conclusions are better left alone. The entropy law relates, from 
the very nature of things, to finite isolated systems. Hence it is 
better not to apply it to the universe, which it is not permissible 
to rank under the concept. 

There is a second objection to be added to this first one. For 
even if it be admitted that our universe is, say in the sense of the 
relativity theory, finite in space (see below) , it is still by no means 
a logical necessity to conclude from the entropy law that the world 
process is finite in time; further assumptions are necessary. The 
content of the entropy law is exhausted by the statement that the 
free energy of a finite system continually decreases. But it makes 
no statement as to the rate at which this decrease takes place. 
The conclusion that a quantity which continually decreases must 
finally reach zero after a certain, though very long time, is one of 
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cases, only one is considered by the usual argument from the en- 
tropy law to the finiteness of the universe, and this conclusion is 
thus shown to be very premature and devoid of sufficient founda- 
tion. If it is to hold, it is necessary to add to the statement of the 
entropy law (that the free energy decreases) a further assumption 
as to how, that is to say according to what law, it decreases. In 
other words, we need special assumptions concerning the nature 
and course of energy exchange, assumptions that can only be 
founded on facts of experience. If we now inquire of experience, 
we learn, as the final standstill of aU isolated systems practically 
occurring shows, that the first or the second case apparently 
represent the t5q)e of energy exchange, the greater probability 
being in favour of the second case, that is the attainment of final 
zero of free energy after a time theoretically infinite, but practic- 
ally and measurably, in a sufficiently long finite time. This t5q)e 
corresponds to the chief law concerned, namely the law of cooling. 
Nevertheless, a generalisation of this special case known to us on 
earth, to cover the whole of the universe, is a very doubtful affair, 
quite apart from the unprovable assumption of the finiteness in 
space of the universe. 

To aU this we must add a third, and perhaps the most important, 
objection. We have hitherto tacitly assumed the entropy law to 
have a quite general validity, and to hold without limitation for all 
processes and systems in nature. Is this really a fact which has 
been determined with certainty ? As we saw above, it is first 
necessary to make the limitation, that it concerns only processes 
in dimensions greater than molecular dimensions, whereas for 
molecular motion itself (and Brownian motion) the law does not 
hold in the sense of a continual increase in free energy. If we 
now clearly perceive that the entropy law is a law of averages, 
we should not say, if we wish to be reaUy precise, that the free 
energy continually decreases because the temperatures tend to level 
out. We should rather say that the law of entropy holds when, 
and so far as, a levelling of temperature takes place which cannot 
be reversed. Regarded in this way, the question becomes un- 
avoidable whether a reversal of temperature levelling without 
expenditure of work is really impossible, not merely from the 
empirical and practical point of view, but also theoretically. 

In order to answer this question, we must get at the bottom 
of the matter, and ask therefore whether the molecular motions 
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which determine the temperature must necessarily lead to this 
result. The reply will be that this is proved, according to Boltz- 
mann, by the law of probability. But the calculation of proba- 
bility assumes, as we have seen, elementary disorder; the molecules 
must move about quite irregularly. Om question thus amounts 
to whether it is inconceivable, that apparatus or, in general, bodies 
of any kind may exist, which are able to bring order into the dis- 
orderly motion of the molecules or atoms, or their possible con- 
stituents (without expenditure of work, be it noted) and which 
would therefore be able to separate molecules from one another 
according to their velocities. Maxwell imagined, in order to 
demonstrate these facts, a ‘demon’ capable of sorting molecules. 
But we are also able to form a picture without such an aid. Imagine 
in a vessel a partition, possessing the property of only allowing 
molecules to pass through from one side to the other having velo- 
cities below a certain limit, and from the other side only those 
having velocities above a certain limit. The slower molecules 
would then collect on the one side and the faster molecules on the 
other, the one side becoming of itself colder, and the other side 
hotter. In this way useful energy could be obtained, and a per- 
petual motion of the second kind constructed. Experience teaches 
us that this cannot be done, but we are here deahng with the ques- 
tion whether it might not be possible, and experience can never 
prove this, since it cannot prove a negative. If such an apparatus 
were constructed to-day, it would by no means abohsh the law of 
entropy; the latter would then be found, as has been the case with 
almost all physical laws, to be Umited to definite groups of systems. 

We may not say that such an apparatus is opposed to experience, 
since it is never allowable to describe any imaginable possibility 
as a contradiction to experience. It can always only be a matter 
of enlarging or limiting the laws formulating oiur experience to 
date. What grounds have we for the conviction that a limitation 
of the entropy law is for ever impossible ? The only grounds we 
can give are the proved wide field of application of this law. As 
we have remarked, its applicability is not less, but perhaps even 
greater, than that of the energy law. Nevertheless, and in spite of 
all this, a majority of physicists would hardly be quite in agree- 
ment with the statement that the laws of entropy and energy are 
in that respect on a level. The reason for this is easy to find. It lies 
in the fairly direct relation that exists between the law of energy 



264 COSMOS AND EARTH 

and the principle of causality in the widest sense. We can hardly 
imagine the world without the law of energy, or one more general 
but including it, since the law appears to us simply a physical 
formulation of the fundamental rule ex nihilo nihil fit. The 
thought that energy or mass might arise out of nothing without 
compensation or disappear into nothing, appears to us, after hav- 
ing developed physics so far, unthinkable, although this was not 
the case with earher generations. 

A similar statement cannot be made concerning the entropy 
law. The attempt has certainly been made to relate this law as 
well to a general law of thought. It has been said that the law 
of energy leaves the direction of events undetermined, and that a 
law is therefore necessary to specify this direction. This law is 
that of entropy, with its statement that the world proceeds of 
itself from a less probable to a more probable state. The entropy 
law is thus said to be, as it were, the physically exact formulation 
of the general truth that something definite always happens, that 
is to say, that physical processes always take place with certainty 
in a definite direction, or that the world process is not reversible. 
Quite apart from the fact that Brownian motion is certainly not 
taken account of in this view, which claims to be of general 
validity, the whole argument is fallacious. For the course of 
events is certainly not determined by the entropy law alone, as the 
sufficient condition. No energetist has yet shown us how all 
physical laws could be deduced from those of energy and entropy. 
It is also very much to be doubted that this will ever succeed. 
For in order to determine a physical process unambiguously, we 
require either special laws or the hypothetical fundamental law, 
to which those of energy and entropy wiU, in the most favourable 
case, be related in the manner of a general integral to special 
differential equations - as, say, Kepler’s second law to all sorts of 
possible laws of motion about centres. Such a general conclusion 
from the special law cannot replace this for aU cases, but at the 
most, for single, quite definite cases, as we see with respect to 
Brownian motion. 

For this reason alone, therefore, it is not permissible to regard 
the law of entropy as a sufficient physical expression of the fact 
that something definite always happens. This expression must 
be given by the single physic^ laws, or by the fundamental laws. 
Conversely, it is likewise easy to see that the definite direction of 
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events would also exist, if the opposite of the law of entropy were 
true for a system. In the apparatus which we imagined just now, 
which sorts molecules according to their various speeds, events 
would also take place in a quite definite direction; in one, however, 
opposite to that within our experience, namely with increase in 
free energy. But is that not a definite direction ? 

In short, however we regard the matter, the entropy law, 
although resting quite certainly upon just eis broad a basis in 
experience as the energy law, is still wanting in that imponderable 
distinctive conviction, which would lead us to regard a system of 
bodies which contradicted the law of conservation of energy as a 
direct miracle. An apparatus which increased free energy, and 
thus changed molecular energy into molar energy, would not be 
regarded by us as a miracle, but only as something very admirable. 
It would be certainly difiicult to imagine a world, even with the 
imagination of Jules Verne or Wells, in which the opposite of 
the entropy law held good. It would certainly be remarkable 
enough; hardly anything could happen in it in any way analogous 
to our own world. But it would not be such an absurdity as a 
world in which mass and energy came into being out of nothing. 

This being the case, we can understand that many attempts have 
been made to find physical possibilities for the reversal of the 
degradation of energy, and hence for the increase of free energy, 
Auerbach opposes to Clausius’s entropy an “ektropy,” but he 
does not succeed in making quite clear in what process an 
increase of the latter is to be regarded as taking place. It has 
frequently been believed that hving beings could be regarded as 
systems exhibiting reduction of entropy, but no proof whatever 
of this has been given. Quite recently, Nemst again attempted 
to attack the problem from a new side, by placing alongside the 
laws of energy and entropy a third general fact which has only 
become clear in quite recent times. If we assume, namely, that 
all atoms gradually disintegrate as do all radio-active atoms, only 
most of them so slowly that we have been hitherto unable to ob- 
serve it (see page 133) we get, as a general principle, an all round 
disaggregation of mass, and hence of energy, if we regard mass and 
energy as the same, following the relativity theory. All matter 
would therefore dissolve, in course of time, into uniformly distri- 
buted field energy. This process of dissolution is imagined hypo- 
thetically by Nernst as having for its counterpart a converse 
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reformation of atoms, which he regards as taking place in cosmic 
nebulae in their first stages. The doubtful part is, however, that 
this new reformation should logically begin with the highest ele- 
ments (uranium, etc.), which are at the beginning of the radio- 
active distintegration series. This appears highly improbable in 
view of the progress from simpler to more complicated, otherwise 
visible throughout nature. 

It appears to me that a more hopeful line of attack would be to 
use the quantum theory as a proof that the principle of elementary 
disorder (the equal statistical value of all possibilities) does not 
hold for atomic dimensions. It cannot be overlooked that in the 
quantum principle, which obviously governs not only the trans- 
ference of field energy to matter, but also the internal atomic 
conditions (this fundamental idea of Bohr’s is certainly correct), we 
have a principle of order exactly opposite to that of elementary 
disorder, according to which not all possible cases, but only single 
quite definite ones, are able to occur. As an example, we have 
Bohr’s model of the atom with its special electron orbits. I could 
imagine that for this reason the very opposite of the law of entropy 
may hold in the region of processes which lead to the formation of 
atoms out of some fundamental substance, and that here may be 
hidden the long sought-for complement of the law of degradation 
of energy which holds for molar dimensions. 

By way of warning to those numerous people who are always 
trying to solve the riddle of the universe, it should be pointed out 
that such general ideas as this have no scientific value as long as 
they are not presented, thoroughly worked out, in a mathematic- 
ally exact form. If Bohr had done nothing but make the assertion 
that the quantum principle also holds inside the atom, he would 
not have become 'the Newton of Spectroscopy.’ Someone else 
would have filled this position, someone who calculated the be- 
haviour of the model of the atom now called after Bohr, on the 
basis of this idea. Ideas concerning the riddle of matter are to- 
day as cheap as blackberries, and not a week passes without a 
new pamphlet appearing on the subject. But such ideas are not 
theories, and, at the best, they may stimulate another to produce 
a scientifically useful theory. 

For our philosophical question, however, even the shadow of a 
possibility that the law of entropy might be balanced by some 
other fact of nature, already means a good deal. We see from it 
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that it is quite impossible to take the law of entropy as a safe 
foundation for a proof of the finiteness in time of the world. Even 
if the objections last brought forward concerning the universal 
validity of the law are not admitted, the fact that the spatial 
extent of the universe cannot be determined remains decisive. 
We are therefore simply obliged to declare that we know nothing 
positive on the question. Just as httle as the law of conservation 
guarantees the eternity of the universe, if we admit the possibility 
of other than purely physico-chemical forces, so little does the law 
of entropy guarantee the finiteness of the history of the universe. 
Everything that is written and talked of on this point in popular 
expositions, often dictated by prejudice in favour of certain views 
of the world, is entirely unfounded dogmatism. 

We must not omit to mention that it has several times been 
proposed to regard the increase of entropy as the physical reality 
at the basis of our concept of time, and even simply to identify 
entropy function and time. The point of comparison between the 
two is the irreversibility of both. It appears to me very daring 
to base upon this fact the identity of two such totally different 
notions. The real meaning of the concept of entropy itself, is, 
for the present, a much debated question, which would require a 
whole book for its full discussion. Clausius introduced this 
quantity, in the first place, as a simple mathematical adjunct. 
But what it really corresponds to in physical reality is by no means 
easy to describe.^®® 

We still have to discuss a number of general ideas concerning 
the structure of the universe, which are connected with the re- 
lativity theory. This theory has opened up quite new perspectives 
in this direction. The idea of a world space of definite curvature 
closed in upon itself (compare pages 143 ff.) was not, however, first 
put forward by it, but arrived with non-eudidian geometry ; but 
the relativity theory now opens up the possibility of experimental 
decision of the question. It does not follow, as we are sometimes 
told, from the fundamental equations of the general relativity 
theory, that space must necessarily be finite; it may also be infinite 
according to Einstein, and on the average uncurved (as, in two 
dimensions, a plane with numbers of small humps). But it might 
also, according to Einstein, be finite and have a finite average 
curvature, and the relativity theory allows us to calculate this 
curvature from the average density of the distribution of matter. 
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If we assume for this the value derived from the system of fixed 
stars in our immediate neighbourhood (see page 272), though this 
assumption is very doubtful, we arrive according to de Sitter at a 
circumference for the universe of about 100 million light years, and 
a cubic content of about 10^^ cubic centimetres. But these are 
naturally, at present, vague suppositions. 

The question as to what kind of experimental proof could be 
imagined may be answered by saying that it should then be 
theoretically possible to see the light of a star in two different 
directions. On account of the enormous cosmic distances, the 
difference in time of the two ways would however be so consider- 
able, that the certain identification of the two images would no 
doubt only be possible in the case of stars which are fairly exactly 
opposite to us. To picture this notion, we may again consider a 
two-dimensional world on the surface of a sphere. If for example, 
an observer on the earth's surface could register the direction 
from which earthquake waves arrive, he would always receive 
two such records of an earthquake, one after the other from 
opposite directions, since the waves go round the earth in both 
directions. Only in the case that the centre of disturbance were 
exactly at his antipodes, would both arrive at the same time. 

But leaving this question, which is far from being capable of 
proper discussion, we may further ask: How would the Minkowski 
world-lines run in such space ? The doctrine of reincarnation 
immediately suggests itself. To put it in Weyl's words: Tt is 
therefore in principle possible for me to experience now events 
which are in part the effect of my future decisions and actions. 
Also, it is not impossible that a world line ... in particular the 
world-line of my body, may return in the neighbourhood of a 
world point which it has already once passed by. The result 
would be a much more perfect double of myself than was ever 
imagined by Hoffmann. In actual fact such considerable varia- 
tions of the as would be necessary for this, do not occur in the 
region of the universe in which we live; but there is a certain in- 
terest in thinking out these possibilities in relation to the philo- 
sophical problem of cosmic and phenomenal time.' 

I should not be willing to subscribe unconditionally to these 
remarks. There are two main points to consider. In the first 

• These are the components of the fundamental tensor characterising the 
metric field, upon which gravitational effect also depends. 
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place it is not in itself necessary, even if the region is finite, that 
every world line should return upon itself. It is easy to inscribe 
curves upon the surface of a sphere which never return upon them- 
selves no matter how much they are prolonged; they may either 
repeatedly cut across themselves, or never return at all to the same 
position. In the second place, even if we limit ourselves to such 
curves as return upon themselves, it is not necessary that they 
should aU do so after one jommey round. Now ‘my body,’ as 
well as any event in the world, is made up of a vast number of such 
world lines. What here appears to us as an event relatively 
closed in itself (a human life, a thunderstorm, etc.) would therefore 
be, translated into the language of the Minkowski world, a system 
of an infinite number of such lines which form a certain four- 
dimensional figure. It is infinitely improbable for one to be made 
up only out of lines which aU return upon themselves, and further- 
more, after the same number of circuits. But only this would give 
Weyl's double. The doctrine of reincarnation is therefore no more 
probable according to the relativity theory than according to the 
old view. 

A further question to which we are led here is the following: 
the fact that we are able to imagine various possible kinds of bent 
surfaces, as well as the plane, depends upon our having at our 
disposal three-dimensional, plane, euchdian space, in which any 
conceivable two-dimensional metric field of this kind can be 
‘embedded,’ whereas conversely, it is by no means possible to 
imagine aU kinds of surfaces, for example under certain conditions, 
no planes, in a curved space. A being therefore, capable of 
picturing any kind whatever of non-euchdian three-dimensional 
space, would necessarily itself hve in a four-dimensional plane 
space. Now the Minkowski world of the general relativity theory 
is a non-plane, four-dimensional manifold of variable curvature. 
We can therefore imagine this, together with other spaces like it, 
embedded in a five-dimensional space; indeed one might almost say 
that if further investigation should prove our world to be actually 
closed in upon itself, the human mind, which will not tolerate any 
chance hmit to knowledge, will almost of necessity arrive at the 
idea that this really is the case. The question of possible other 
worlds then arises, of which we should naturally not experience 
anything in the empirical and physical sense, since these might 
like our own, be imagined as completely closed in themselves. 
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Or may we perhaps after all look at the matter otherwise. Might 
not our world perhaps be nothing more than the four-dimensional 
(x, y, z, t) projection of a more general multi-dimensional existence, 
and every Minkowski world hne be only the inter-section of this 
existence with a single (our) four-dimensional space-time-matter- 
continuum ? Such possibilities make us dizzy, but we may also 
be thankful to the relativity theory for opening up such prospects. 
Plato’s famous cave image, hitherto only thought out from the 
subjective and epistemological side, appears in a new light of 
objective physical possibilities.^®* 

But we w^ not attempt to dimb too high, but remain for the 
present by our own world. If, to use again Dingler’s expression 
(see pages 215, 249), the ‘theoretical prime structure’ should finally 
culminate in a general fundamental law, or even general statistics, 
the ‘historical prime structure’ culminates, after what we have 
said above, in what we are able to state in summary form 
concerning the actual distribution of world lines or quanta of 
action, as the case may be. Here we again stand before the 
other side of the contingency problem which we discussed earlier 
(pages 214), the question of the reason for this particular and 
actual distribution of world existences. It is, as we saw, com- 
pletely insoluble, but the point of view of relativity gives us a 
glimpse in another direction. In it, the whole of existence in 
space and time appears as ‘shape’ in the true geometrical sense, 
and once again Plato’s profound ideas appear before us from 
antiquity; the world as a work of art, as idea given form. Only a 
short step is needed from the work of art to the artist. 

But at least we have justification for the question; Are not the 
imits of the world, the electrons, the atoms, the ordinary massive 
body, the globe, the planetary system, etc., regarded from the 
point of view of the timeless existence of the world, so many 
individuals, and at the same time, each lower thing part of the 
higher; as in the work of art, for example the symphony, every 
motive, every movement is a well characterised unit, and yet an 
integral part of the whole? *®*® But above all, the conclusion is 
certain, which must be unmistakably stated here, namely that alter- 
natives such as whether the world was created by God or has 
existed from all eternity, are completely meaningless. The 
assumed endless time in the last part of the question itself belongs, 
as we have seen above, to the object, to the world. If, therefore. 
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a God exists, that is if the world, as the believers in theism think, 
has not come into being of itself, but is the deed and effect of an 
infinitely lofty, self-conscious spirit, it is completely a matter of 
indifference whether the world thus created is limited or unlimited 
in time, or whether it returns upon itself. 

Every such statement of question obviously brings God into 
time, which must have been created by Him together with space 
and matter, which is still greater nonsense than bringing the life 
and thought of the physicist, assumed on page 200, into the time 
t, which comes in his formulae. This immediately disposes of 
such questions as to what God did before the creation of the world 
and the like, but at the same time the common conception of 
eternity, as time continuing without end, also vanishes. We shall 
return to these and other questions connected with them at the 
close of the book, but we will now break off this discussion and 
again regard things from the sure ground of experience, though we 
must not forget, it is true, that experience only extends to sections, 
which can only be regarded as isolated systems in the sense we 
have stated. 

The greatest object obtainable for our senses, is the starry 
heavens. The completest possible investigation of its structure 
and the motions of ail single parts, is the goal of astronomy to-day, 
and one towards which it has made very considerable advances 
during the last decades. 

We will attempt to present, within the limits of a short sketch, 
the chief advances that have been made and that depend mainly 
upon the very latest science. In the first place, we know to-day 
concerning a large number of fixed stars, their distances from our 
solar system with more or less accuracy, namely for about 1,500 
stars, which are not more distant, than about 100 light years. 
The nearest fixed star, « Centauri, is 4.3 light years, that is 37 
biUion kilometres away from us. If the solar system is imagined 
as reduced in size so as to go into an ordinary room, so that the 
sun is in the middle and of the size of an ordinary millet seed, and 
Neptune touching the walls, a Centauri, as the nearest sun of the 
kind, would stiU be 47 kilometres away, Sirius twice as far, Alde- 
baran (in the Bull) about seven times, Vega (in the Lyre) about 
nine times, and the pole-star about ten times eis far, (see table on 
page 275). Naturally all such figures are the more uncertain 
the greater the distance. These few direct measurements of 
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distance, of course, amount to practically nothing compared to the 
vast number of other fixed stars. As regards these we have to 
depend purely upon indirect, and particularly statistical methods, 
which space does not allow us to describe here. 

The fundamental idea is as follows: If the whole universe were 
uniformly filled with stars up to any depth, the number of stars 
in each magnitude would increase, according to an easily stated 
law, as the brightness diminished. As a matter of fact, tWs num- 
ber decreases considerably in the lowest magnitudes, which proves 
that the stars are much less densely distributed at greater distances 
from us than in our immediate neighbourhood. According to the 
investigations of Seliger, Kapteyn and others,^®* all the stars 
visible to us singly form a system of approximately lens shape. 
Its longest diameter is about 60,000 and shortest about 10,000 
to 20,000, light-years. However, the stars in this system are 
very unevenly distributed. There are 'star clouds,’ and between 
them regions relatively poor in stars. Since we are near to the 
middle of the system, the edge of it appears very thickly sown 
with stars, this being the explanation of the bright strip in the 
heavens called the Milky Way. The total number of stars in this 
system is estimated at about five hundred milli on 

Quite recently, these first andVairly rough results of Kapteyn 
have been considerably enlarged, mainly by the results of the 
American astronomer Shapley, which however, are not yet quite 
certain. "We shall go into them shortly here, not only because 
they are in themselves remarkable, but mainly because the way in 
which Shapley arrived at his conclusions affords us good insight 
into the methods of modem astronomy. The whole argument 
starts from the observation made upon a certain kind of variable 
star, for which S Cephei may serve as a type. In the case of 
these, the duration of the light periods shows close connexion 
with the apparent brightness, so far as we are dealing with stars 
of the same larger system, which are practically equidistant from 
us. But for such stars, the apparent brightness is proportional 
to the absolute brightness, and the connexion with the length of 
period holds also for this. If this fact is now applied to stars of 
this type in the neighbourhood of the sun, the distance of which 
we can determine with considerable exactness, a relation is foimd 
between length of the period and the apparent brightness on the 
one hand, and the absolute distance on the other, the latter being 
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calculable from the former. This is now applied by Shapley to 
variable stars of the S Cephei type occurring in the so-called 
spherical star clusters. This name is applied to star clusters 
which are so dense inside that they cannot be resolved into single 
stars, it having long been supposed that they are collections of 
very large numbers of stars very far away. These suppositions 
have been entirely confirmed by Shapley's calculations; he 
found for seven such clusters, by observing the variable stars 
contained in them, and then for 80 further clusters by the 
use of similar analogies, distances from 20,000 to 200,000 light 
years. 

Other investigators (Kapteyn and others) ascribe somewhat 
smaller values to the data for the near stars upon which the whole 
calculation is based, and this would require these distances to be 
reduced, but Shapley stands by his figure, and has been able to 
bring further reasons for the approximate correctness of his ideas. 
If we make this assumption, our sun would perhaps be a member 
of such a cluster, and the earlier enumerations of Seliger, and 
others would then only relate to this cluster, which would be 
ranged alongside other clusters also containing vast numbers of 
stars. For, if Shapley's ideas are correct, we can really only see 
the brightest stars contained in these clusters. At this distance, 
Sirius would only have the brightness of a star of the 17th 
magnitude, the sun only that of the 21st magnitude, and thus be 
just visible only for the best instruments (these statements relate 
to the cluster M3). But according to Shapley 's estimate, the 
cluster in question contains about 40,000 of these stars, which are 
only just visible at this distance. 

Shapley has further attempted to discover how these star 
clusters are related to the Milky Way. He finds that they are 
almost completely absent in the plane of the latter, but are 
distributed in an approximately egg-shaped space; the plane of 
symmetry is formed by the Milky Way, our local star cluster with 
the sun lying upon its axis, about at a point dividing the axis in 
the ratio 1:4, that is, much to one side, and not in the middle of the 
whole system. Whether the spiral nebulae belong to this system, 
or themselves form systems co-ordinate with it, is still an open 
question. If we make the latter assumption we find on the basis 
of considerations to be discussed immediately, a distance from us 
for the nearest nebula of the kind, that in Andromeda, of about a 

Ts 
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half to one million light years, its diameter being about 30,000 
light years. 

The considerations last mentioned, which for the present are 
quite hypothetical, were originated by the French astronomer, 
Charlier. It hcis been believed since Laplace’s time that the 
assumption of a succession of systems of ever higher order to 
infinity (planet with moons, solar system, star cluster. Milky 
Way, etc.) necessarily leads to two impossible conclusions. In 
the first place, so Laplace showed, gravitation at any point in the 
interior would acquire infinitely great values; and secondly, the 
whole of the heavens should be as bright as day. But these two 
conclusions only hold, as Charlier has shown, when certain 
limiting conditions - inequalities which connect the number of 
the terms of two successive systems of the «th and («-i)th order, 
their diameter and their mutual distances - are not fulfilled. 
Conversely, these inequalities also contain the conditions for the 
possibility of assuming continually progressive structure, and one 
can then find, from data known concerning the system of the nth 
order, the lower limits for that of the next order. This value has 
been found in this way for the nebula in Andromeda, and agrees 
with estimates made by Landmark and others on the basis of 
other methods. 

In order to make the whole more easily grasped we add a short 
table, which gives the real distances and sizes in columns i and 2, 
and in the last three columns reduced distances* which express the 
relationship between the different values in a more intelligible 
manner. In column 3, distance is measured in terms of that 
between the sun and earth taken as i millimetre. In column 4 
this measure is multiplied by 160, which makes the distance of 
Neptune about half the diameter of a fairly large room (15 feet), 
and in column 5 again increased 30 times, so that the earth’s orbit 
win just go into this room. 

To this statement of our knowledge concerning the structure 
of the universe, a knowledge which to-day is in a state of flux, 
we must now add something concerning the motion taking place, 
a matter, if anything, stiU more hypothetical. We know with 
certainty to-day that a large number of ‘fixed’ stars move, and 
with some certainty, also, how they move. The expression ‘fixed 
star’ is therefore hardly suitable. The first discovery of this kind, 
made by Halley in 1817, has been followed by innumerable fresh 
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Kilom etres 

Light 

Reduced Distances 


time 

I 

II 

Ill 

Diameter of 
the Earth 

13,000 

0.04 sec. 

90 fi/j, 

0.015 mm. 

0.5 mm. 

Diameter of 
the Sun 

1.4 mill. 

4 sec 

9/W 

I 5 mm. 

4.5 cm. 

Distance Sun- 
Earth . 

150 mill. 

8 min. 

I mm. 

(millet 

seed) 

16 cm 

(small 

apple) 

5 ni. 

Distance Sun- 
Neptune 

4500 mill. 

4 hours 

30 mm. 

5 m 

150 m. 

Nearest fixed 
star a 
Centauri 

38 billion 

4 3 years 

260 m. 

47 km. 

1 300 km 

Sinus . 

77 v- 1012 

9 

0 56 km 

93 km. 

2800 km. 

Pole Star 

380 10 12 

43 

2 6 km. 

470 km i 

13000 km. 

Hyades 

1140 y 10^2 

130 

8 km. 

1300 km. 

40000 km. 

Open star cluster M 37 
Nearest globular cluster 
w Centaun 

Globular cluster M.3 . 
Diameter of the same 
Farthest globular cluster . 
Andromeda nebula, dia 

„ ,, distance . 

No of spirals acc toCharlier 
Dia. of the systems of all 
spirals .... 

1 3000 yrs 

! 

21000 „ 
45000 ,, 
500 ,, 

21S0OO ,, 
23000 ,, 

0 5-1 X 10®,, 

IO®-IO® ,, 

about 10® ,, 

800 km 

1300 km. 
2500 km. 

30 km. 
13000 km. 

1400 km 
60000 km 




discoveries of the same kind. We are dealing here naturally with 
apparent motions of the stars, which are not by any means the 
real motions (see Figure 42). For in the first place, we have in 



The Great Bear 

addition to the displacement taking place at right angles to the 
radius of vision (the direction of the star) , a further component of 
motion in the direction of vision, that is, towards us or away 
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from us. Secondly, all these motions are influenced by the sun’s 
own motion. 

The first motion is found on the basis of what is called Doppler's 
principle, by observing the hght sent to us by the stars. If a ship 
is travelhng on the sea in a direction opposite to that of the waves, 
it obviously meets in a certain time, for example, a minute, more 
waves than a ship lying at anchor; if, on the other hand, it is 
travelling in the direction of the waves, it meets fewer of these. 
The SEime is obviously true for all wave motion, if the source of 
the waves and the observer are moving towards or away from one 
another. Hence the note of the horn of a car moving past us on 
the road appears considerably higher when it is coming towards 
us (often by as much as a whole musical tone) than while it is 
going away from us. The apparent increase in frequency corres- 
ponds to a higher note. The frequencies of the light waves 
correspond optically to the spectral colour (see page 116). Hence 
if a source of light is moving towards us sufiiciently fast, all the 
spectral lines must appear to be displaced towards the violet end; 
while if it is moving away from us, they are displaced towards 
the red end. This displacement can actually be observed and 
measured in the spectra of numerous stars. From its magnitude 
it is easy to calculate the velocity with which the star is moving 
towards us or away from us, and thus the motion in the radius 
of vision. This, when combined according to the parallelogram 
law with the apparent motion at right angles to the direction of 
vision, gives us the true motion relatively to ourselves. 

The second point, namely the separation of the motion of the 
solar system itself from aU these relative motions, is considerably 
more difficult. The following analogy may make clear to us the 
essential point of the matter. If we are walking in a wood, the 
laws of perspective cause the tree trunks in front of us to separate 
further and further, while those lying behind us appear to close 
up. This would therefore be the case in the star system, if all 
fixed stars were really fixed and the sun only moved in a certain 
direction between them. But this is however, by no means the 
case; if we therefore wish to determine the motion of the sun on 
the basis of the principle mentioned, we must try to make a 
plausible supposition concerning the proper motions of the stars 
as a whole, in order to be able to combine it with the motion of the 
sun and so deduce the observed motion. 
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The most obvious assumption is that the proper motions of the 
stars are distributed irregularly in a similar manner to those of the 
molecules of a gas. It is however impossible to arrive at the 
actually existing distribution of motion by combining this 
assumption with any kind of motion of the sun. The result of the 
whole extremely difficult investigation is rather that the actual 
distribution of the proper motions can only be represented, by 
combining a motion of the sun in the direction of the constellation 
Lyra (the point towards which the motion takes place is called 
the apex) with a kind of double 'star drift,’ which, generally 
speaking, follows the direction of the Milky Way. It results from 
this that the whole system, as seen from outside and reduced 
sufficiently in size, would appear like a Catherine wheel, or a 
rotating sprinkler with two jets. The well-known great spiral 
nebulae in the heavens exhibit the same form. 

We will turn to some smaller details within the whole system. 
We cannot go into great detail. We may, however, mention that 
recent investigations of Hagen^®* at the Vatican observatory, 
have rendered probable the existence of very extensive dark 
masses (nebulae) in cosmic space, so that what we see, namely 
what is self-luminous, is possibly only a small fraction of what is 
really present. Furthermore, the various kinds of visible objects, 
double stars, variable stars, open and close star clusters, luminous 
clouds, and so on, offer material for an indefinitely long period of 
further investigation. By far the greatest part is played by 
spectrum analysis, which not only gives us information concern- 
ing the chemical composition of the object in question, but 
also concerning many other matters, such as temperature (see 
page 172), motion (see above), magnetic fields (Zeemann effect), 
and so on. 

Especial progress has been made quite recently in the matter of 
luminous masses of gcis (fixed stars, sun), by the theoretical 
investigations of Arrhenius, Emden, Jeans, Eddington, Megh Nad 
Saha, and others.^*’ Eddington deserves the credit of being the 
first to point out the decisive part played, alongside gravitation, 
by the pressure of radiation (pressure of light, see page 430) in such 
masses of gas at a high temperature. Eddington was able to 
show that, as a result of this force opposing gravitation, there is a 
certain upper limit to the size of a fixed star for every temperature, 
so that the enormous giants once assumed could not exist. 



COSMOS AND EARTH 


278 

Taking it all in all, we may assume that the actual masses of the 
fixed stars do not vary within very wide limits. 

More certain than these still somewhat doubtful suppositions 
are the present facts known to us about our sun itself. But here 
also, fallacious conclusions have proved to be easy to make, as is 
plainly seen by the revolution which has taken place in the last 
thirty years in our view regarding the nature of the sun. The 
spectroscopic investigations of Kirchoff and Bunsen led to its 
being regarded as an almost certain conclusion that the sun 
consists of an incandescent luminous liquid core with a gaseous 
envelope (the photosphere). Now it is in itself extremely improb- 
able that at the temperature existing on the sun (about 5,600° C.), 
any substance could possibly be hquid, since this temperature 
most likely exceeds the critical temperature of all or almost all 
gases (for every substance there is a critical temperature above 
which it can only exist as a gas). This is more than ever true, if, 
as is probable, the temperature in the interior is considerably 
greater than on the surface, where alone it can be determined by 
the radiation curve. Recent theoretical investigations show that 
in masses of gas of such density and temperature as the sun, the 
transmission of light waves is so completely different from that 
under any circumstances on earth, that our former conclusion is 
by no means allowable. In reality, the sun is an incandescent ball 
of gas which decreases in density from the outside towards the 
centre, having by no means a smooth, but a very irregular, surface, 
which is subject to continual change (prominences, streamers, and 
spots). It would take us outside the range of this book to go 
further into these matters. All these investigations are in full 
swing, and problem after problem appears which will keep astro- 
physics busy for a long time. 

Matters are not very different as regards the investigation of the 
single members of our planetary system, the only system of the 
kind which we shall ever be able to observe. For however prob- 
able it may be that innumerable other fixed stars are centres or 
sims of such systems, we are not likely ever to be able to discover 
anything for certain about them. In spite of the extraordinary 
improvement in the methods of observation, and in particular the 
application of photographic methods, no unexceptionable solution 
has yet been foimd either of the riddle of the canals of Mars, or 
of the rings of Saturn, or of many other problems. But we should 
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not forget, in view of all these unsolved questions, the progress 
that has really been made. It may, for example, be regarded as 
fairly certain that none of our fellow planets is suitable for 
organic life in the forms known to us, with the sole exception 
perhaps of Mars. But even in the case of this one, it is very 
questionable whether the conditions, at least for higher organic 
life, are there fulfilled. For though the existence of water on Mars 
already appears fairly certain to-day, it is still doubtful whether 
this can be of much use in view of the low temperature, which 
according to recent investigations (Coblentz) is to be estimated at 
about - 50° C. to - 60° C. 

All in all. Mars gives the impression of exhibiting to us a much 
later stage of planetary development than that of our earth, 
whereas conversely, Venus may be about at the point of the earth 
before the appearance of organic life. The famous canals of Mars 
can hardly be upheld, in view of all other reasons telling against 
its inhabitability by higher living beings, as proof of the presence 
of intelligent creatures. We are still without a quite satisfactory 
explanation of the phenomenon. Recent investigations^*®appear 
to show that the canals may be only an optical illusion. But the 
coarser lines at least are visible even on photographs, and hence 
must be regarded as real objects. 

We cannot leave the question of the habitabihty of other 
heavenly bodies without referring to an attempt recently made 
to show the probability of the earth being the only body in the 
whole universe of fixed stars which exhibits the necessary 
condition of hfe for mankind. I refer to the work of Wallace, the 
well-known English scientist and friend of Darwin.^*® Starting 
from the fact that our solar system is nearly in the middle of the 
system of fixed stars visible to us as the Milky Way (see, however, 
above page 273), Wallace attempts to show that only in this 
position can there be a planetary system, the existence of which is 
guaranteed for a sufficient time. He then shows further for what 
reeisons the earth is the only habitable planet, and how on the 
earth everything comes together in quite a unique manner to 
enable the necessary conditions of stabihty for the process of 
organic development to be guaranteed for innumerable milhons of 
years. We cannot here go into Wallace’s statements. They are 
not more than suppositions and plausible reasons. 

A real proof that any number of other planetary systems 
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similar to ours cannot exist in our immediate or more distant 
neighbourhood is, in the nature of things, completely impossible. 
Hence an impartial observer can only say, in my opinion, that 
we simply know nothing of a positive nature, though certain 
recent investigations by Jeans favour the uniqueness of our earth. 
Hence it remains a matter for individual taste to construct in 
imagination other inhabited planets as appendages to the innum- 
erable suns which we see, or to think with Wallace, that only a 
whole universe of fixed stars is good enough to render possible, 
upon a single planet of a single one of its members, the develop- 
ment of a human race with its history and intellectual culture. 
For my part, the teleological point of view itself prevents my 
being attracted by the supposition, since the means used would 
appear to be altogether disproportionate to the end; even if we are 
willing to admit that the development of mental life, as we know 
it in ourselves, certainly cannot be measured with the measures of 
physics, and that a single Newton must be regarded as more 
valuable than a whole planetary system consisting merely of 
heavy bodies. 

But what can be the purpose of the infinite abundance of the 
most varied phenomena in the universe ? What is the purpose 
of double stars and nebulae and star clusters and so on ? Perhaps 
that the Newtons and Herschels here on earth should find enough 
various objects for their curiosity ? The idea appears to me in 
every way absurd, if the whole world has any sense at all, to find 
this sense in our little earth’s history alone, however seductive 
may be the analogy which, probably, was Wallace’s original 
intuition; the analogy namely that a nature that wastes thousands 
oflife germs, in order that a single one of them may develop under 
favourable conditions, might be supposed capable of wasting 
worlds of fixed stars, in order to produce a single earth, peopled 
with men. But all this is, as we have said, purely a matter of 
taste. 

The very notable progress made by science in the last few 
hundred years towards investigating the present state of the 
heavenly bodies, is out of all proportion, unfortunately, to the 
insight gained into the development of this whole system, and 
even of so unimportant a part of it as our own planetary system. 
In this connexion I may quote here the words of a well-known 
authority of the present day. The Bonn astronomer, J , Hopmann, 
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writes in his book, Weltallkunde {The Science of the Universe, 
which in other respects also may be recommended to the reader in 
continuation of this chapter^®®): ‘In course of time, a large number 
of cosmogonies of the solar system have been developed. Their 
originators have unfortunately made little use of the means 
afforded by mathematics and theoretical physics, and have thus 
been unable to protect themselves from repeated fallacies. A 
characteristic example of this is the ' ‘doctrine of world-ice"' which 
is in complete contradiction, not only with astronomy, but also 
with meteorology and geology. F. Nolke^®® deserves the credit 
for having shown all these theories to be actually untenable from 
a mathematical point of view, so that we stand to-day, as regards 
the history of the origin of the solar system, amid a heap of ruins, 
and must honestly confess that we know nothing positive at all. 
It will probably be only after the solution of the problem of 
development of fixed stars has been found [see below], that a 
useful starting point will be given. But even then it will be 
necessary to make use of aU modem physical and astrophysical 
theories, the theory of radiation, of the structure of atoms, of 
radio-active processes, and so on. Previous work in this regard 
has generally only applied mechanics and, at most, parts of the 
theory of heat, but not those departments of physics in which, as 
we know to-day, the greatest energy changes can be observed." 

It is scarcely necessary to add anything to these words of 
Hopmann, and so there is thus little point in going into the 
various hypotheses. We may, however, state as probable that 
the original condition of our solar system was that of a single 
incandescent ball of gas, and not, therefore, as Kant thought, a 
cloud of cosmic dust. It is doubtful what were the processes by 
which the planets, the total mass of which is scarcely ^ of 
that of the sun, separated from the latter, and we should beware 
of adopting without further question such h3q)otheses as the well- 
known one of Laplace (Plateau's experiment), against which, as 
Nolke has shown, very important mathematical and physical 
objections can be brought. A theory which should really explain 
the way our system has come into being, must above all explain 
the very unequal masses of the various planets, that is to say, give 
reasons why the two heaviest and largest planets (Jupiter and 
Saturn) occupy just about the middle of the system, the smallest 
lying quite inside, and the three middle-sized ones, Uranus 
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Neptune, and Pluto, lying right outside. It would further 
be required satisfactorily to account for the curious differ- 
ences in the direction of revolution of many moons, and so 
on. An advance in this direction is afforded by an hypothesis of 
Jeans, according to which the passage of another and larger 
fixed star close by the sun drew out of the latter a tail, at first 
thin, then becoming thicker, and then thin again, which then 
divided and drew together, forming single smaller or greater 
planets. This is at least considerably more plausible than Lap- 
lace’s theory of the splitting off of rings, but for the present no 
more than a first tentative supposition. Something quite different 
might also have happened. 

Only one thing may be regarded as certain, namely, the unitary 
origin of our system. This system cannot possibly have come into 
being by pure chance, in view of its almost coincident orbital 
planes, and common direction of revolution (apart from a few 
exceptions); it must certainly have been produced by some single 
process. For this reason we may then further suppose, that 
similar processes will have taken place in a similar manner in the 
case of other suns (fixed stars), and that therefore other systems 
like ours probably exist elsewhere in the universe, although we 
are not ever likely to have definite evidence of this. It is impor- 
tant to make this remark, since the attempt has frequently been 
made^*^ to support lines of thought such as that of Wallace just 
described, by saying that our solar system represents a special 
case of the «-body problem, which in itself is immeasurably 
improbable, but which for this very reason must also be the 
sole one among an infinite number of others, in which the stability 
of the system is assured for a very long time. 

These considerations are based upon recent investigations of the 
«-body problem, from which it is concluded that, in general, a 
system consisting of n bodies attracting one another according to 
Newton’s law, is not stable, single bodies belonging to it again and 
again receiving so great an acceleration that they fly out of the 
system, and finally only a two-body system is left. These investi- 
gations have been made use of to explain the relatively great 
number of known double stars. Even if we assume this to be 
true, we must not forget that no proof is afforded that only one 
such special case could be realised in the universe among many 
millions of others, even if the case realised in the solar system 
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(almost coincident planes of revolution, and almost circular 
orbits) represents, from the purely mathematical point of view, 
only one among innumerable imaginable cases of possible initial 
velocities and initial positions of the n bodies. This transference 
of purely mathematical probability to the physical case would 
only be allowable if we imagined the solar system as coming into 
being, in accordance with certain meteoritic hypotheses, by the 
chance meeting in space of moving bodies. If, however, it was 
produced by a single process from a ball of gas already rotating 
uniformly, it would naturally no longer be mere chance that aU 
orbital planes coincide; this would then follow of physical necessity, 
and would likewise be the case everywhere that a similar process 
took place. It is, then, pure sophistry to make out of the mathe- 
matical special case, a physical one, and so beheve oneself to have 
proved that this case has been realised, in all probabihty, only 
once in the universe. 

It wUl easily be understood that we are able to say still less 
concerning the history of the whole system of fixed stars (the 
Milky Way), than concerning our own planetary system. Accord- 
ing to recent work of Jeans and others, we can imagine the 
spherical nebula to represent an original state, which then goes 
over into the form of the elliptical nebula, then the spiral nebula, 
and the loose ‘clouds’ (Magellan’s clouds). But it may equally 
well have been quite otherwise. On the other hand, we are some- 
what better informed regarding the history of the development of 
the single fixed star, of which we can form at least an approximate 
picture on the basis of recent theoretical and experimentad 
investigations in astrophysics.^®* The foundation for these is 
given by what is called the Russell diagram, which we must 
therefore shortly describe. 

The stars are first classified according to their ‘magnitude,’ that 
is, according to the brightness which they have as we see them, 
and then according to their spectral type, which is essentially a 
function of the temperature.^®* From the ‘relative’ magnitude 
first mentioned, the absolute magnitude may be calculated if we 
know the distance, this knowledge being possible for very many 
stars, as we have said above, by direct and indirect methods. 
We are thus able to make a list in which the stars are arranged 
according to the brightness with which they would appear to us if 
they were all equally distant. (This standard distance is usually 
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taken as one parsec, that is the distance from which the earth’s 
orbit would subtend an angle of i"). 

We now plot upon the ar-axis of a co-ordinate system (figure 43) 
the spectral t3^e. In the figure the designation usual to-day has 
been chosen, which corresponds to the inverse order of tempera- 
ture, so that on the left we have the hottest, on the right the 
coldest stars. On the y-axis we have the magnitudes, which like- 
wise correspond to the inverse order of brightness, so that — 5 
gives the brightest, and + 10 the feeblest stars. We thus have. 



Fig. 43 

The Russell diagram The shading indicates 
the density of star distribution 


in this diagram, every star given by a point, which corresponds to 
the numerical values of its type and magnitude. This statistical 
diagram, first made by the English astronomer Russell in 1918, 
then shows that the star positions found are strongly concentrated 
in certain parts of the diagram, so that we get a kind of continuous 
strip, which on the right hand side at the top (spectral type M, 
magnitude —5) contains very bright but only red-hot stars, 
whereas in the middle and towards the left we have much hotter 
to very hot (white hot) stars of a somewhat small brightness, and 
at the right and below ‘red dwarfs’ we have besides a division 
of the band towards the left top, where a group of very bright 
and also very hot stars is situated, and finally a spot quite isolated 
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at the bottom in the middle, that is, a group of stars with low 
brightness and medium to higher temperatures. 

This whole picture, which thus gives us a scheme showing side 
by side the chief different star types, was interpreted by Russell 
himself as a picture of the succession in time of the single stars. 
By way of comparison, let us imagine an insect living for one day 
only and able to think. It would then likewise be able to con- 
struct the history of the development of a single human being 
from seeing children, youths, men and the aged all together. 
According to Russell, a star begins its development at the top 
right hand side, that is as a red giant (as, for example, Arcturus), 
from a previous stage invisible to us (gas nebula). Contraction 
results in a rise in temperature; that is, the star moves towards the 
left of our figure, but the absolute brightness decreases, since the 
star also loses mass by radiation. The temperature rises to a 
certain maximum (see the curve), which is determined by the total 
mass of gas present, then falls again, since the energy released 
by further contraction is not able to cover the loss any longer, and 
the star finally ends as a red dwarf (at the bottom right hand). 

Later investigations, especially those of Eddington,^®^ have 
considerably enlarged and deepened this picture, but as a whole - 
although Eddington at first obtained other results - have finally 
confirmed it. The branch upwards to the left, and particularly 
the stars of the region g, the 8 Cephei stars already mentioned, 
are somewhat difficult to place. From the theoretical investiga- 
tions of Eddington, Emden, Megh Nad Saha, and others we have 
already mentioned, it further appears that the mass of glowing 
balls of gas must, on account of the pressure of radiation, remain 
within certain not very wide limits, so that stars above and below 
certain sizes cannot exist. 

Our sun belongs to the smaller stars, and its maximum tempera- 
ture in the past is estimated at about 9,000° C. It is already on 
the declining branch of the curve. The largest stars reach 18,000 
to 20,000° C. (Sirius, Vega). These numbers naturally only refer 
to the surface temperature, while in the interior, temperatures up 
to many millions of degrees exist. The whole process of develop- 
ment is estimated to last about 10® to 10^^ years (according to the 
magnitude of the star). Nernst^®® calculates for the sun a fife of 
about 10® to 10^® years, which is approximately compatible with 
geological estimates. 
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Regarding the source of energy of the radiation emitted, it has 
long ago been realised that the source originally envisaged by 
Helmholtz and others, namely the gravitational energy set free 
by contraction, in no way suffices to cover the enormous loss by 
radiation. In the case of our sun, this source would not even suffice 
for the period of time which geology demands for the history of 
the earth. Recent physics has pointed the way to understanding 
these stellar energies, not only through radio-active processes, but 
also, as explained on pages 191, 194, through the possibility of the 
transformation of mass into energy. We are probably right in 
saying that the star, at least at the height of its development, 
radiates itself away; or in other words, that the energy present in 
the star in extreme concentration in space, is lost in course of time, 
in continually increasing diffusion into space, whereby mass itself 
is dissipated according to the equation E=mxc^. It is not 
impossible, that sometimes the ‘explosion of matter' occurs, that 
is, the sudden liberation of the whole energy locked up in the mass, 
and perhaps in this way we may explain the sudden appearance 
of new stars (novae), though these have also been explained by 
the collision of masses hitherto dark. It is, however, hardly to be 
assumed that this is the typical end of a star, for otherwise the 
process should be observed more often. 

A further question immediately arising in this connexion is, 
whether the process of development of stars, here described in 
quite general outline, again gives us, on the largest possible scale, 
an example of the rule of the entropy law, and whether therefore 
no automatic reconstruction of energy exists corresponding to this 
dissipation, the world process being therefore, in this respect 
also, irreversible, or non-periodic. This question has recently 
received fairly thorough discussion by authorities such as Nernst, 
Eddington, Jeans, Nolke and others^®® without its being, in the 
nature of things, possible to reach a conclusion. There also seems 
to the author to be little object in attempting to reach a decision 
at the present time, since we are not quite clear yet concerning the 
nature of cosmic radiation (seepage 191), the final fundamentals of 
the quantum theory, and many other matters that enter into the 
question. 

So much at least is clear, that here investigation of the greatest 
and smallest things in the world, meets on common ground in the 
most surprising manner. The stars must help us to find the way 
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into the secret of atomic physics, and the latter must help us to 
imderstand astrophysics. Eddington's fine book on Stars and 
Atoms is plain evidence of this new development. It was a 
mistake when it was imagined, upon the first appearance of 
Bohr's atomic theory, that we should straight away find the laws 
of the macrocosmos (namely, the laws of Kepler) repeated in the 
interior of the atom. The application of Coulomb's law, corres- 
ponding to Newton's law, to the attraction within the atom 
between nucleus and electron, as was attempted in the original 
Bohr theory, at first with such great success, has later turned out 
to be impracticable. It is therefore a matter for further investiga- 
tion as to how far the analogy reaUy goes. 

But we can already see the necessity arising - and this is much 
more interesting from a philosophical point of view than purely 
formal analogies - for taking account of cosmic processes in 
physics, that is, of including the whole of physical happening, if we 
wish to form a unitary picture. Our laboratory has, so to speak, 
been enlarged to include cosmic space, as happened once before 
when Newton founded classical physics. On the other hand, it 
is to be hoped, that the investigation of the behaviour of matter at 
extremely high pressures, temperatures, magnetic fields, and the 
like, will sooner or later shed new light on astrophysical problems. 
At the present time, energetic efforts are being made in many parts 
of the world, chiefly in the Tand of unlimited possibihties,' to 
realise upon the earth, experimentally, such extreme values of 
physical states. At Monte Generoso, near Lugano, it is hoped to 
reach voltages of many hundreds of millions of volts, by making 
use of atmospheric discharges in thunderstorms. In England, 
Kapitza is working at the present time on an electro-magnet to 
produce a field of 500,000 Gauss. Some Americans have attempted 
to produce temperatures up to 18,000° C. by heavy electrical 
discharges, and already claimed to have observed the transform- 
ation of tungsten wires into helium. The immediate future will 
probably bring all kinds of surprises in the experimental field also. 
It will then be time to attack again the problem of the develop- 
ment of the fixed stars. 

Though we have thus reached a very modest result as regards 
our knowledge of cosmogony, we are on somewhat surer ground 
when we turn to the history of our own planet. The beginnings of 
this are likewise somewhat in the dark, as we have already stated. 
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We can only suppose for good reasons, that our earth first separ- 
ated as a small glowing ball of gas from a larger mass of gas, that 
it then gradually liquefied by cooling, and finally became solid, 
whereby chemical processes naturally took place on an enormous 
scale, as we have already remarked (page 251). It has often been 
attempted in the past to make calculations concerning the age of 
the earth on the basis of the laws of cooling and radiation, but all 
these have become worthless, since the discovery of radio-activity 
has given us a new source of energy in the earth itself. 

But the laws of radio-active phenomena have themselves 
opened up a new and apparently more promising way to the same 
end. For since, as we have said above (page 127 f.) , the radio-active 
transformation of uranium probably leads finally to lead on the 
one hand, while on the other helium atoms (a-particles) are 
thrown off, we are able to calculate from the lead content of such 
minerals as originally contained uranium, and also from their 
helium content, the time necessary to produce the quantities of 
these actually found. Here the hehum content gives a lower 
limit to the time, the lead content an upper limit, since on the one 
hand helium may have escaped, and on the other lead may have 
come in from other sources. Calculations of this kind have 
chiefly been made by Strutt. If we compare them with other 
calculations based upon the erosion of river valleys, the carriage of 
suspended matter, the formation of sediment, and so on, we get, 
according to Franz, the following table:^®"^ 


Beginning of the 
Alluvial Period 
Diluvial ,, 
Cenozoic ,, 
Mesozoic 
Palaeozoic ,, 
Archaic ,, 


Years from to-day. 

10,000 to 70,000 

300,000 , , 500,000 

3,000,000 ,, 15,000,000 

7,500,000 ,, 37,000,000 

48,000,000 ,, 240,000,000 

200,000,000 ,, 600,000,000 


while life itself is estimated by the same author to have existed 
for 48 to 300 million years. These figures are, of course, still very 
uncertain, but they will approach the order of magnitude in the 
same way as Loschmidt’s fost calculations (see pages 22, 23) gave 
the absolute numbers of molecules. 

We are certainly much better informed concerning the merely 
relative order in time of the layers out of which the greater part 
of the earth’s surface is formed, than regarding the actual duration 
in time of the various epochs in our earth’s history. In this 
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respect, the whole geological work of a century has produced a 
system so securely put together, that serious changes are hardly 
to be expected, since it bears the guarantee of its correctness in 
itself, in the way in which the various parts fit together. It is also 
noteworthy, that the absolute determinations of age according 
to the methods given above in the main, entirely accord with the 
system. The geological system, the division into the well known 
four great epochs (archaic, palaeozoic, mesozoic, cenozoic) with 
their subdivisions, is indeed to be found in all school books to-day, 
which shows in perhaps the plainest manner, how it has already 
developed from being a result into the assumption for all further 
geological investigation. And this is the case, in spite of all 
uncertainty regarding absolute times, since it is certain beyond all 
doubt, that in any case we are dealing with millions and millions 
of years, as compared with which all human history appears but a 
short moment. Whether in any single case, we have ten, or a 
hundred or five hundred millions of years, is relatively a matter of 
indifference - at least for those who are less interested in the 
scientific results themselves, than in their significance for our 
general world-view. 

From this point of view, the question of the causes, the driving 
forces of geological change, regarding which we are likewise not 
completely informed to-day, is also comparatively indifferent. 
To the older and, as far as it went, well-founded doctrine of the 
power of water, wind, and volcanic action in producing transform- 
ation, a whole series of other hypotheses have been added to-day, 
intended to explain certain phenomena in the superficial structure 
of the earth, or in changes of flora and fauna; for example, the 
assumption of the fall of meteorites or even moons, changes in the 
poles, and the like, and, above all, Wegener*s hypothesis of the 
drift of continents, which appears to be continually gaining 
ground. 

According to this hypothesis, the peculiar shape of the coast, 
for example, of Europe -Africa, and America, is to be explained 
by the two continents having originally been together, but having 
been tom apart by some event, and having then drifted farther 
and farther away. But one can still clearly recognise by their 
outlines, how the two continental ‘floes’ once fitted together (for 
example, the east comer of Brazil into the Gulf of Guinea, and so 
on). Space does not allow us to got further into these new ideas.^®® 
Us 
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For our purpose we are less interested in the results as such, than 
in the general knowledge that, and how, the human mind is busy, 
here also, in unveiling the secrets of the past. In any case, no one 
has any further doubt to-day, that we are everywhere dealing 
with processes fundamentally capable of investigation, though 
certainly for ever beyond the reach of complete and exhaustive 
knowledge. 

In this connexion special reference should be made to the 
question of the earth’s interior. As we know, it has been said for 
decades in all scientific and popular books, that science assumes 
the interior of the earth to be liquid and incandescent. Now 
against this view we already have the fact known from physics, 
that the enormous temperatures calculated for the earth’s 
interior from the geothermic gradient (increase of temperature 
with depth), would lead to all known substances being heated 
above their critical point, above which they could only exist as 
gases. However, this also is of no fundamental importance, for we 
have not the slightest idea how matter behaves at these enor- 
mously high temperatures, when at the same time exposed to the 
extremely high pressures which certainly exist in the interior of 
the earth. Presumably, gases under such conditions do not 
behave very differently from solid bodies as we know them. The 
distinction, therefore, loses its meaning altogether, since it only 
holds for pressures and temperatures of the order of our experience. 

But the more exact study of the course of earthquake waves, 
teaches us that the composition of the interior of the earth must 
change as we go down altogether less continuously than was 
originally thought. There must be in the interior at least one, if 
not tw^o, fairly sharp boundaries between materials of different 
nature, since the actual course of earthquake waves cannot other- 
wise be explained. Consequently, the geophysicist Wiechert, of 
Gottingen, put forward 30 years ago the hypothesis that the 
interior of the earth is not at all at an extraordinary high tempera- 
ture, but that the earth contains a solid core of iron and nickel, 
over which there is a relatively thin (about 2 /qths of the radius) 
crust of rock, separated from the core by a ‘magma’ layer covering 
either the whole earth or only forming isolated ‘hearths.’ In the 
latter we could then find the source of volcanic eruptions. 

The fact that the interior of the earth must consist of material 
considerably heavier than the crust follows without any doubt 
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from the comparison between the specific gravity of the earth as 
a whole (5.5) with that of rocks, which average between 2 and 3. 
Wiechert’s h3^othesis very well explains almost everything at 
present known concerning the earth's structure, and is therefore 
generally accepted to-day, at least on its chief hnes. But we may 
once more refer at this point to what was said above on page 253 
concerning the meaning of such hypotheses. In the present case 
a direct confirmation might be imagined, amongst other ways, by 
sending electric waves into the interior of the earth, where they 
would be reflected at the boundary layers in question, and would 
thus show their position and nature. And if a positivist should 
object here that such confirmation would still be indirect, and 
that the only confirmation he could call direct would be ‘actually 
seeing' these boundaries or layers, we may permit ourselves to 
reply by the question: What really is seeing ? Is it not also a 
matter of electric waves, which are reflected, refracted, etc., at 
certain objects, and then afiect our retina, either directly or by 
means of an interpolated apparatus (lens, telescope, microscope, 
but also cornea, crystalline body, etc.) ? What is the distinction 
in principle between the two cases ? This example shows us very 
clearly, that critical attacks of this kind are mainly founded upon 
a very naive, little thought-out, every-day theory of knowledge 
(see above page 27). In reality, it is everywhere a question of the 
enlargement of our senses based upon logical conclusions.^®® 

Just as recent investigation has essentially changed our views 
concerning the nature of the interior of the earth, so have the 
views generally held in past time concerning the composition of 
our atmospheric covering, been considerably enlarged and 
developed. The ascent of balloons carrying only self-registering 
apparatus, as practised by Assmann and his pupils in Strassbourg 
before the war, first showed the presence of a definite limit at the 
height of about 8 kilometres at the pole, to 16 kilometres at the 
equator. In the layer lying below this limit, the so-called 
troposphere, there is a continual exchange of all components on 
account of winds resulting from the warming of the surface, and 
moving in vertical and horizontal directions. In the stratosphere, 
above, we have on the other hand comparative calm, and the 
temperature here remains fairly constant, while in the troposphere 
it decreases rapidly as we go upwards. What happens further 
up cannot be determined by direct observation, since hitherto 
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For our purpose we are less interested in the results as such, than 
in the general knowledge that, and how, the human mind is busy, 
here also, in unveiling the secrets of the past. In any case, no one 
has any further doubt to-day, that we are everywhere dealing 
with processes fundamentally capable of investigation, though 
certainly for ever beyond the reach of complete and exhaustive 
knowledge. 

In this connexion special reference should be made to the 
question of the earth’s interior. As we know, it has been said for 
decades in all scientific and popular books, that science assumes 
the interior of the earth to be liquid and incandescent. Now 
against this view we already have the fact known from physics, 
that the enormous temperatures calculated for the earth’s 
interior from the geothermic gradient (increase of temperature 
with depth), would lead to all known substances being heated 
above their critical point, above which they could only exist as 
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extremely high pressures which certainly exist in the interior of 
the earth. Presumably, gases under such conditions do not 
behave very differently from solid bodies as we know' them. The 
distinction, therefore, loses its meaning altogether, since it only 
holds for pressures and temperatures of the order of our experience. 

But the more exact study of the course of earthquake w'aves, 
teaches us that the composition of the interior of the earth must 
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nature, since the actual course of earthquake waves cannot other- 
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interior of the earth is not at all at an extraordinary high tempera- 
ture, but that the earth contains a solid core of iron and nickel, 
over which there is a relatively thin (about 2 /qths of the radius) 
crust of rock, separated from the core by a ‘magma’ layer covering 
either the whole earth or only forming isolated ‘hearths.’ In the 
latter we could then find the source of volcanic eruptions. 

The fact that the interior of the earth must consist of material 
consic ( rably heavier than the crust follows without any doubt 



THE ATMOSPHERE 


291 

from the comparison between the specific gravity of the earth as 
a whole (5.5) with that of rocks, which average between 2 and 3. 
Wiechert’s hypothesis very well explains almost everything at 
present known concerning the earth's structure, and is therefore 
generally accepted to-day, at least on its chief hnes. But we may 
once more refer at this point to what was said above on page 253 
concerning the meaning of such hypotheses. In the present case 
a direct confirmation might be imagined, amongst other ways, by 
sending electric waves into the interior of the earth, where they 
would be reflected at the boundary layers in question, and would 
thus show their position and nature. And if a positivist should 
object here that such confirmation would still be indirect, and 
that the only confirmation he could call direct would be 'actually 
seeing' these boundaries or layers, we may permit ourselves to 
reply by the question: What really is seeing ? Is it not also a 
matter of electric waves, which are reflected, refracted, etc., at 
certain objects, and then affect our retina, either directly or by 
means of an interpolated apparatus (lens, telescope, nucroscope, 
but also cornea, crystalline body, etc.) ? What is the distinction 
in principle between the two cases ? This example shows us very 
clearly, that critical attacks of this kind are mainly founded upon 
a very naive, little thought-out, every-day theory of knowledge 
(see above page 27). In reality, it is everywhere a question of the 
enlargement of our senses based upon logical conclusions.^®® 
Just as recent investigation has essentially changed our views 
concerning the nature of the interior of the earth, so have the 
views generally held in past time concerning the composition of 
our atmospheric covering, been considerably enlarged and 
developed. The ascent of balloons carrying only self-registering 
apparatus, as practised by Assmann and his pupils in Strassbourg 
before the war, first showed the presence of a definite limit at the 
height of about 8 kilometres at the pole, to 16 kilometres at the 
equator. In the layer lying below this limit, the so-called 
troposphere, there is a continual exchange of all components on 
account winds resulting from the warming of the surface, and 
moving 111 vertical and horizontal directions. In the stratosphere, 
above, we have on the other hand comparative calm, and the 
temperature here remains fairly constant, while in the troposphere 
it decreases rapidly as we go upwards. What happens further 
up cannot be determined by direct observation, since hitherto 
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recording balloons have not reached higher than 31 kilometres 
(Batavia 1913 /14). We are therefore driven back upon indirect 
conclusions. 

In the first place, Wegener concluded about 1910 from the 
kinetic theory of gases, that the composition of the air high up 
must be considerably different. It is easy to calculate on the 
basis of the theory, assuming the air to be practically stagnant, 
that the layer of oxygen and nitrogen, which we know, must be 
followed by a layer of almost pure nitrogen, then by a thinner 
layer mainly containing hehum, and then by a layer of hydrogen 
of great depth, but naturally of very low density. But these 
conclusions have recently again become very doubtful, since 
observations of the Aurora Borealis have proved that at the 
very great heights at which this occurs (100 to 1,000 kilometres) 
oxygen must still be present, for the so-called green aurora line, 
(557-735 which is characteristic of it, has been shown by 
recent investigations*®® to belong to oxygen. The nature of the 
absorption spectrum of the atmosphere further points with fair 
certainty to the presence of considerable quantities of ozone 
(active oxygen) at a height of about 40 kilometres. 

Further conclusions can be drawn by investigating the reception 
of wireless waves. If these were conducted round the earth by 
simple guidance, their range would fall off rapidly, at equal 
intensity, as the wave length diminished. The extraordinarily 
good reception foimd for short waves (about 10 to 40 metres) has 
proved this not to be the case, but that a layer guiding the waves 
back to earth must be present in the upper atmosphere, a con- 
clusion already drawn by other investigators in the eighties from 
research on the earth’s magnetism, but first generally admitted 
when Heaviside used it in 1902, to explain the facts of wireless 
propagation. What is called the Heaviside layer is about 350 
kilometres high on winter nights; during the day, and in summer, 
it descends to about 90 to 100 kilometres. It probably consists 
of ionised air, at which the long waves are reflected, and the 
short waves refracted. Disturbances in it, caused partly by 
cosmic influences, partly by terrestrial magnetism and atmospheric 
electricity, are, perhaps, partial causes of what is known as 
‘fading’; that is, the periodic, or even quite irregular, increase or 
decrease in loudness of broadcast reception. 

Still another means for investigating the higher layers of the 
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atmosphere is afforded by the investigation of the propagation 
of sound, which shows the peculiar phenomenon known as the 
zone of silence, and further by the investigation of falling stars, 
luminous night clouds, the phenomena of twilight, and other 
matters. Altogether, we shall sooner or later get a clearer 
picture of the state of affairs in those layers of our atmosphere 
into which direct observation has not hitherto reached. To-day 
our picture is considerably more complete, and certainly more 
correct, than twenty years ago.®**^ 

This will imdoubtedly be greatly to the advantage of another 
science, that of meteorology, which unfortunately leaves much 
to be desired regarding the accuracy of its weather prophecies. 



Fig. 44 

A succession of cyclones (air-eddies), according to the polar front 
theory. The shaded area indicates regions of rain 

and thus betrays the fact that it has not yet found the final 
causes of the phenomena of the weather. But in this department 
as well, we are far from having to give up in despair. Here also, 
the last two decades have brought quite considerable advances, 
which are chiefly designated by the general term ‘polar front 
theory (Exner, Bjerknes).*®® Earlier meteorology saw the chief 
cause of weather phenomena in the imequal distribution of pres- 
sure caused by unequal heating of the earth’s surface. The flow 
of the air out of regions of high pressure and into those of low 
pressure, whereby the earth’s rotation caused the formation of 
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an eddy (anticyclones and cyclones, the Buys-Ballot rule) was a 
consequence of the distribution of the air pressure. 

According to the new theory, the formation of these eddy 
regions depends, on the contrary, upon the existing currents. 
They are formed in the air, just as eddies in flowing water, only 
with the difference, that in the latter there is a downward motion, 
in the former an upward motion. The eddies arise mainly from 
the warm equatorial and cold polar air masses, which each in 
themselves circulate in a closed path, streaming past one another 
at their boundary, the so-called 'polar front.' Eddies are formed 
consisting of a narrower 'warm sector ' and a larger 'cold sector,' 
in which the warm air is gradually raised from the ground by the 
cold air streaming in under it. In every such eddy region, there 
are therefore two boundaries, which run approximately radially, 
(figure 44) where cold air meets warm. Here we have the chief 
rain zones of the eddy, the front one usually bringing us steady 
rain wth south-west or west winds, the back one squalls with 
north-west or northerly wind, and heavy fall of temperature, 
since with it we enter the cold sector. 

This easily grasped, but considerably more complete, point of 
view allows to-day of fairly accurate weather prophecy (about 
80% correct, one or two days ahead) and in other, more favour- 
ably situated, parts of the earth, we can also put forward weather 
prophecies to-day over a much longer period. It is not surprising 
that mistakes are frequently made, for the weather phenomena 
are determined by so many factors, that we can never be sure that 
one of the essentials has not been overlooked. 

As opposed to such forecasts over a day or two, we have not 
yet been successful in finding laws allowing the course of the 
weather to be prophesied over longer periods, such as whole 
months, or even in a general way, over a whole year; such a 
possibility would be of the greatest imaginable practical import- 
ance. AH supposed connexion with the phases of the moon, the 
constellations of the planets, and so on, belong to the realm of 
pure imagination, as statistical tests prove. In actual fact, no 
larger number of changes in the weather fall at or around the 
changes in the moon than is to be expected, given a sufficient 
number of cases, according to the law of probability. The 
ineradicable beliefs of country-folk in this respect are to be 
explained psychologically. If a remarkable improvement in the 
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weather happens at full moon, the full moon itself becomes 
particularly noticeable. If it does not take place, the fact is 
forgotten, since the full moon is not particularly remarked upon. 

The way in which large numbers of people react to such proofs 
of fact, gives a good measure of their capacity for thinking 
scientifically. The majority of believers in the moon entrench 
themselves behind the fact that science has so often been convicted 
of dogmatism, and that the common people have very often 
proved to be right in spite of it, in medicine for example; and 
they suppose that in the present case the same will be true. Now 
the fact that dogmatism in science, particularly of a negative 
kind, has often played a fatal part, cannot be denied. But in 
the present case, it is not a matter of dogmas, that is, of any sort 
of doctrines which are to be recognised as true or false, but simply 
of the question whether the coincidence between changes in the 
moon and changes in the weather actually exists to an extent 
exceeding pure chance, or whether it does not exist. This has 
nothing whatever to do with doctrines of any kind, but is capable 
of purely objective determination. 

We simply count over a sufficiently long period, say a decade, 
the changes in the weather occurring (naturally having first 
defined what we are to understand by the term), and we then, 
equally simply, count up how often such a change has occurred 
on a change of moon, and how often it has occurred on the fore- 
going and subsequent days. We finally discover that if the 
period of time of observation is chosen long enough, the number 
of changes occurring are on the average always equally distributed 
over all fourteen or twenty-eight days of a half or full moon- 
period. The exact records kept for decades past by meteorological 
stations allow these determinations to be made on a fully sufficient 
scale, but no result other than the one given has ever come out. 
Anyone who cannot or will not admit this must not expect to be 
taken seriously by anyone capable of thinking scientifically. For 
he expects science to pay attention to supposed theories of the 
influern e of the moon on the weather, though this influence is 
proved by statistics not in fact to exist. It would first be neces- 
sary for such an influence to be found without any doubt, before 
the question of its cause could be discussed. 

The superstitious ideas which are still quite generally connected 
with the weather are too well known to need further description 
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here. Unfortunately, religious circles and powers are not quite 
innocent in regard to the difficulty of getting rid of them. The 
reasons for savages regarding the weather quite naturally as the 
direct effect of higher, divine powers are sufficiently clear. On 
the one hand, they depend upon the capriciousness of the weather, 
which mocks all laws and all rules, and thus undoubtedly gives 
the impression of arbitrary action; and on the other hand, upon 
the impressive power of many weather phenomena, and in 
particular thunderstorms, and the direct benefit and injury to 
man, and particularly to the cultivator of the soil. It is here 
that man experiences most directly and strikingly, and on his 
ovTi body, his own inter-connexion with the general course of 
nature. It is perfectly natural that, when at a primitive stage 
of development, he should express this feeling in the form of all 
kinds of anthropomorphic ideas. But from the point of view of 
higher religion, one can and ought to require the abandonment 
of such inappropriate ideas, which are suitable to a negro or Malay, 
but not to a modem European. 

We cannot leave this theme, as we did six years ago in our 
third edition, without devoting a word to modem attempts at 
the revival of astrology, which, as is generally known, continually 
gain ground. The belief in a mysterious inward connexion 
between human fate and cosmic events is as old as the hills, and 
apparently practically ineradicable. Its deepest root is human 
egoism, which imagines itself as the middle point of the world, 
and regards itself, or at least the whole human race, as sufficiently 
important for the shining heavenly bodies above to declare his 
fate to him. Its second root is unclear thinking, which prefers to 
be determined by forebodings and feelings, rather than by clear 
insight into facts. Historically speaking, astrology was an 
inevitable stage of development in man’s thought concerning 
nature and its coimections. But from the moment when real 
knowledge took the place of pure supposition, its death sentence 
was pronounced, and everything brought forward by its present 
day prophets is pure imagination, which has not the slightest 
particle of reality behind it. 

Astrological theories are just as bad as, or still worse than, the 
pseudo-scientific theories of the weather, of which we have 
spoken; a discussion of them has no interest for a serious, scienti- 
fically minded person, however free he may be from all prejudice. 
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for the simple reason that before all theories, we first require a 
proof that the relations asserted really exist. It is nonsensical 
to produce a theory of something which does not exist. 

Astrology falls to the ground not so much on the absurdity 
and fancifulness of its theories, as from the fact that hitherto 
none of its supporters has been able to bring a shadow of a proof 
that any tangible parallelism exists between constellations or 
'horoscopes,' on the one hand, and the fate of human beings on 
the other. On an average over the whole earth, a human being 
is bom every half minute. What proof have we that the life 
histories of those people who are bom within, say, the same 
half or whole hour, or further of those who are bom at the approxi- 
mate repetition of the constellation, show a similarity in any 
way exceeding that of the average ? Until this proof has been 
given, the whole theory is completely in the air. 

A single glance at modem astrological writings proves further 
that the doctrines of these 'wise men’ contradict one another 
completely, so that the interpretation of a horoscope gives entirely 
different results according to different systems. Which of them 
are right ? The study of astrology is worth while in one respect, 
but in this it almost exceeds in interest any other subject of 
cultural history, namely as regards the spiritual and mental 
connexions in the history of human development. Anyone 
who has studied Troels-Lund’s profound book on human ideas 
of the heavens and of the meaning of life in past time, or 
Boll-Bezold’s excellent description of the history of superstitions 
and interpretations relating to the stars,*®* have profited 
richly in respect of his judgment regarding problems of human 
culture. 

The scientist may be thankfully aware that present day 
Christian theology, apart from rare exceptions, fuUy agrees in 
general with the judgment of science on this point, as also on our 
whole relationship to cosmic events. It is unfortunately less 
tme of religiously minded laymen, and also of many practical 
theologians. These are often ruled by a fundamental lecining 
towards mystical or mythical points of view, quite without 
regard to their content, for the simple reason that they are 
mystical, that is, promise to replace the sober and rational world- 
view of science by suggestions, acting on the feelings and the 
will, of a mysterious background of things, which can in this waj' 
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be brought under human power, without its being necessary to 
go to the trouble involved in rational knowledge. The scientist 
cannot protest too sharply against such attempts, of whatever 
kind,*®* and true religion has no interest in them, on the contrary, 
it must agree with Goethe in ascribing to the Devil the words: 

*Do but despise reason and science, 

The highest of man*s powers, 

And thou art mine for sure !* 

Real religion does not need such attempts, for it does not 
strive to be a substitute for science, but is quite another manner 
of looking at the same things (namely man and the world), that 
science looks at in its own way. In this respect is must be all 
or nothing. Whoever wishes to find in nature or behind nature 
a divinity, whether theistic or pantheistic, must be consistent 
and apply his view to the whole of nature, and not to single 
chosen parts. For this point of view it is a matter of indifference 
in itself whether we are dealing with a stone rolling down a 
mountain or the motions of the planetary systems, with the 
boiling of water in a kettle, or with clouds, snow, and hail; whether 
a long threatened fall of rock carries away a couple of shepherd’s 
huts rashly built beneath it, or a volcanic eruption destroys a 
whole town, as happened with St. Pierre and Martinique. If a 
God, as demanded by theism, exists, this is all his work, the atom 
as much as the universe of fixed stars, the fall of the raindrop as 
well as the collision of two suns. 

To leave the world in small matters to itself, but to require the 
intervention of a divine producer for the more important spec- 
tacles, such as the formation of a planetary system or the great 
changes in the earth, is an insupportable confusion of theistic 
with deistic, or semi-atheistic, notions. We cannot regard the 
one as natural and the other as supernatural, and apply religious 
values to one, which we do not apply to the other, and thus take 
it out of the connexion with the rest, regarded as indifferent. 
WTiile primitive man attains to the sense of a divinity by single 
special things or happenings, the person of insight to-day should 
rid himself of this tie to the individual event, and on the contrary, 
rise from the wondering admiration of the whole, in which both 
theist and atheist are quite agreed, to the heights of religious 
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feeling in so far as he feels the inward need to do so. The world 
regarded physico-chemically is a single unit, and must be regarded 
in all its parts and processes from the same point of view in principle. 
Our world view can therefore only take in the physico-chemical world 
as a whole. 




PART III 

MATTER AND LIFE 

In all out discussions so far, we have used the word ‘world’ with 
the invariable addition of the adjective ‘physico-chemical,’ thus 
leaving it an open question whether the set of facts dealt with 
by physics and chemistry, and their branches, astronomy, 
geology, etc., are the only facts which go down to fundamental 
reality. First appearances are certainly against this view; we 
see a mass of beings that creep and fly, that sprout and bloom, 
that Uve a secret parasitical hfe, that reproduce themselves 
after their kind, that respond to the influence of the external 
world with movements which are obviously purposive, and that, 
certainly as regards the higher animals and man, but perhaps 
always and in every form, are capable of willing, feeling and think- 
ing, in other words are capable of psychical experience, the last 
being something entirely strange to the physical world. That is hfe. 

Is it reaUy a purely physical phenomenon ? Or is the pecuhar 
nature of life only an appearance, and are we really dealing with 
the same elements of reality, but in new and quite special com- 
binations? This is the fundamental question which inevitably 
confronts science, and which has formed the subject of centuries 
of discussion between philosophers. This discussion is now more 
intense than ever. A behef in the pecuhar nature of hfe and its 
obedience to special laws of its own, is caUed vitalism and the 
opposite view is caUed, somewhat inaccurately, mechanism. The 
last designation is explained by the fact that the mechanical was 
originaUy regarded as identical with the physico-chemical, but 
this view is no longer tenable (see pages 63 f., 203). 

In accordance with the principle we are foUowing in this book, 
of aUowing philosophical questions to grow out of scientific 
results themselves, we shah not deal with this fundamental prob- 
lem from the point of view of general principles, but shah first 
turn to the science of hfe, biology, and see what results it has 
brought forth. Only then shah we be prepared to tirni to more 
general questions. 
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THE PHYSICO-CHEMICAL FOUNDATIONS OF LIFE 

From the narrowly physical point of view, there is for the 
present not very much to say. The physical phenomena, in the 
more restricted sense of the words, found in the organism, such 
as the lever action of the bones, the optical arrangements of the 
eye, the electrical organs of the g5nimotus, etc., have, generally 
speaking, more the character of things external to the life process 
and of no great importance with reference to it. The physical 
laws of importance for the latter are those which deal with objects 
of very small dimensions, or directly with the action of molecules, 
for example the laws of diffusion and osmosis, elasticity and 
cohesion, cind further, all the facts which recent physics com- 
bined with chemistry has discovered concerning the fine structure 
of matter, for example, by means of X-ray analysis (page 170). 
We shall return to this point later, but will deal now with the 
more immediately interesting question of biochemistry. It is 
self-evident that chemistry is the essential preliminary of all 
biological knowledge, and more especially, no real understanding 
of life processes is possible without a knowledge of organic 
chemistry, that is, the chemistry of the carbon compounds. We 
will therefore start from them. 

The first fact to be remarked is, that we only know life as 
coimected with certain quite definite chemical compounds, which 
consist essentially of the elements carbon, hydrogen, oxygen, 
and nitrogen; sulphur and phosphorus are also present in small 
amounts. Other elements, besides these six, found in the 
organism are iron, magnesium, potassium, sodium, calcium, 
chlorine, fluorine and silicon; while iodine, bromine, aluminium 
and others occur occasionally. 

Among the innumerable organic compounds out of which the 
living organism is built, we distinguished from the earliest times 
certain groups, such as the fats, carbo-hydrates, albumens 
(proteins), and latterly also the vitamins and other substances. 
How the actual living substance, the protoplasm (from Greek 
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prdtos, first, plasma, material), is related chemically to these is a 
question not yet cleared up. In any case, proteins or compoimds 
of protein molecules with other molecules form the main con- 
stituent of protoplasm,*®* but this undoubtedly contains numer- 
ous other substances, and is probably a chemical system in a 
continual state of change, there being a perpetual formation 
and decomposition of molecules. 

This makes it readily comprehensible that so complicated a 
system is, generally speaking, highly sensitive to external influ- 
ences (chemical stimuli, temperature), so that hfe, particularly 
as regards temperature, is restricted to a fairly narrow interval. 
However, the lower limit of temperature is, in the case of many 
low organisms, very far down the scale. Bacteria and the spores 
of fungi have been kept frozen at the temperature of liquid air 
( - 190 ° ) for days at a time without death taking place. Quite 
recently G. Rahm has shown that animals hving in moss (tardi- 
grades, rotifers, etc.) may live in a dried condition for several 
days at the temperature of hquid helium ( - 269°). 

In the upward direction, the hmit for active life is, generally 
speaking, far below the boding point of water. Algae are, how- 
ever known to live in hot springs at temperatures up to 93°, and 
certain latent forms of life, for example, seeds, spores, etc. are 
able to stand heating to 120° and more.*®® Such organisms as 
the hay bacillus, therefore, occasionally escape destruction by 
the usual process of sterilisation by boiling, which otherwise 
always attains its object completely. 

The reason for this fact is probably to be found in the inabiUty 
of most protoplasm substances to exist at these temperatures in 
aqueous or colloidal solution. 

We must now say a few words concerning chemical processes 
in the living organism. By the term assimilation we imderstand 
to-day (in a broad sense) the building-up of comphcated sub- 
stances composing the body, out of the simpler kinds of molecules 
available for this purpose. The opposite process, the degradation 
of more comphcated molecules to simpler ones, is called dissimi- 
lation. These two processes are foimd occurring together in every 
living organism, but in the plant assimilation has the upper 
hand, in the animal dissimilation. The latter process is, as a 
rule, also an oxidation, which, in the case of the higher animals is 
effected by the oxygen bound to the red blood corpuscles. 
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Conversely, the chemical processes leading to assimilation are 
mainly, from the chemical point of view, reductions, that is to 
say the withdrawal of oxygen (but not always). In particular, 
this is true of the most important and fundamental of all assimi- 
lation processes, the process by which plants assimilate carbon. 
According to the view at present almost universal and supported 
by important experiments, this process*®* takes place according 
to the following scheme: 

CO, -t- H,0 HjCO, - O H,CO, - O -♦ CH,0 -»■ C,Hi,0, 

carbonic acid formic acid formaldehyde sugar 

(CO, -1- H,0 = H,CO,) 

that is to say, the hypothetical hydrate of carbonic acid is first 
transformed by the removal of oxygen in steps into formaldehyde, 
and the molecules of this then group themselves to form the 
simplest of the carbohydrates (sugars, having the formula 
CjHjjOj). From this, as a rule, starch is formed, which is itself 
a carbohydrate, that is to say, in form a compound of carbon and 
water. The oxygen set free by the reduction returns to the 
atmosphere and forms the foundation of the possibUity of animal 
life. 

The remaining elements, particularly nitrogen, are taken in by 
plants from the earth in the form of soluble compounds (nutrient 
salts). \Miile, at one time, it was generally assumed that these 
compounds were eissimilated by their being attached to carbo- 
hj^drates already formed and the derivatives of these, it has 
recently been regarded as possible that, at least for nitrogen and 
hence for the formation of proteins, a direct assimilation may 
also take place, which proceeds from the beginning alongside the 
formation of carbohydrates. This would mean that carbon 
dioxide, water, and ammonia derived from the earth, would unite 
directly to form simple organic nitrogen compounds, such for 
example as formamide, HCONH, etc. But all these investigations 
are stiU in full progress.*®’ 

The substances formed by assimilation are themselves further 
transformed in the plant, and carried from one position to another, 
where they serve for building up the organism or some other 
purpose. Thus for example, the starch manufactured during the 
day in the leaves of the plant disappears during the night, being 
transformed into soluble sugar, which then travels to the nodules 
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of the potato or the seeds of the bean or rye, there to be retrans- 
formed into starch, and stored up. When germination takes 
place this starch is again transformed into sugar. In a large 
plant, therefore, innumerable chemical transformations are con- 
stantly taking place at all points. 

The processes in animals are much more complicated still. 
The animal, as is well known, can only make use of material 
which has already been assimilated, and hence must nourish 
itself by plants or other animals. In the case of all higher animals, 
the food taken in is transmitted to all parts of the organism by 
means of a special circulatory system, the blood circulation, and 
from this nutrient liquid, what is required at each point is manu- 
factured there, or stores of food are built up, as for example 
starch in the liver, or fat in bone-marrow. 

On the other hand, the activity of the animal organs leads to 
the using up of the substances, all containing nitrogen, of which 
they consist. This happens, as already indicated, by virtue of a 
process of oxidation which leads on the one hand to carbonic 
acid and water, and on the other hand to urea and other nitrogen 
compounds. These are removed from the blood by special 
organs, the nephridia in the case of the lower animals, the kidneys 
in the case of the higher. Only in the case of unicellular organ- 
isms do we have direct excretion from the cell itself, by means of 
so-called vacuoles. 

The oxidation taking place in the animal body is also the 
source of animal heat, since it is a process which generates 
energy, 'exothermic' process. On the other hand it also supplies 
the energy required for the independent motion of the animal 
organism. Plant assimilation, conversely, is a process which 
requires an external supply of energy, an 'endothermic' process. 
The necessary energy is supphed to the parts of the plant con- 
cerned in assimilation by sunlight or diffused daylight, hence 
plants do not assimilate in the dark. 

The chemical compounds formed as a final result of these life 
processes in the organism are mostly of a very complicated 
structure. The structural formulae for indigo given on page 18 
is a comparatively simple example. The molecules of the higher 
carbohydrates and fats contain more than one or two hundred 
atoms and those of the proteins (Gr. protos, first) are probably 
still more complicated.*®® It is further certain that every 
Ws 
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variety of organism produces its own compounds, at least its 
own special variety of protein. If protein of a kind not belonging 
to the species is introduced into the blood stream, injury usually 
results. We shall return to this fact again. The question now 
is, how does the living body manage so to guide all these innum- 
erable reactions, that just those substances required at a certain 
point for a certain pmpose are formed or decomposed ? Organic 
chemical compounds have almost all the property of being 
capable of transformation in very many different ways, since 
they all consist of the same few elements (C, H, O, N,). How 
does Nature manage to select from all these possible reactions 
just those which are suitable ? 

A partial answer to this question (but not the whole answer) 
is given us by the investigation of a phenomenon which has only 
recently been understood as regards its full importance, catalysis. 
This term covers the fact that certain substances cause others 
to react chemically, without themselves taking part in the 
reaction. 

If for example, we add to ordinary hydrogen peroxide solution 
(HjOjJ a little manganese dioxide (MnOj), decomposition of the 
hydrogen peroxide takes place with vigorous effervescence of free 
oxygen (HjOj = HjO-f O), while not the slightest trace of change 
is to be found in the manganese dioxide. It can be used as often 
as we please to perform the same experiment. In this case the 
manganese dioxide acts as a catalyst; in other cases other sub- 
stances act in the same way. For example, in the contact process 
of manufacturing sulphuric acid, finely divided platinum brings 
about the oxidation of the sulphur dioxide (SOj) to sulphuric 
anhydride (SO3). In the synthesis of ammonia by the Haber 
process, uranium compounds act as catalysts for the combination 
of nitrogen and hydrogen to form ammonia. The careful investi- 
gation of these processes has done a very great deal to advance 
modem technical chemistry. 

The knowledge that catal)dic processes play an extraordinary 
part in the organism should have come to us long ago on the 
basis of the existing material. It was indeed known to be the 
fact in many cases, but it remained for a long time neglected 
since other matters were more pressing and aroused greater 
interest. The case longest known to us is that of the catalytic 
action of a substance which is contained in germinating grain. 
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and has the power of changing starch into sugar. This substance 
is called diastase (from diastasis, the Greek word for transforma- 
tion); it can be extracted by water from malt, and is a yellow 
powder which possesses the power in question, as can easily be 
shown by experiments with starch paste. Organic catalysts are 
generally called enzymes*^ or ferments, since fermentation is pro- 
duced by them, as we shall proceed to describe. The better 
known among them are the digestive ferments, that is to say the 
substances which cause food to dissolve in the human or animal 
digestive tract, by decomposing the more complicated molecules 
of the foods into simpler ones, for example, the ptyalin of the 
saliva, which, like diastase, transforms starch into sugar, and 
the pepsin of the gastric juice, which turns albumens into soluble 
peptones. Many of these enzymes only act in combination with 
certain other simpler substances, often organic acids, bases, or 
salts. These are their so-called complements) thus hydrochloric 
acid is the complement of pepsin. 

The majority of these catalysts hitherto investigated^®* are 
group catalysts, that is, they set certain kinds of reactions going 
in a whole group of more or less related substances. Often, how- 
ever, the catalyst is strictly specific; it brings about a single definite 
reaction in the case of a single definite complex substance, which 
it fits as a key fits a lock. Probably most ‘immunity* reactions 
belong in this class, that is to say, those produced in the organism 
when threatened by the bacteria of disease. We are naturally 
confronted with the important question of how it comes about, 
that the organism always produces exactly the right catalyst at 
the right moment, for it is fairly certain that in most cases it is 
formed by the living cell only when required. But we will leave 
this question aside for the present. 

A further important extension of our biochemical knowledge 
has resulted from modern colloid research (see page 19 f.). Most 
living cells are colloidal systems, that is to say they do not contain 
true solutions, nor, or at any rate not only, coarse suspensions, 
but thiit peculiar intermediate stage of the sub-division of matter, 
which we have characterised more closely in an earlier chapter. 
In actual fact, it is only under these physico-chemical conditions 
that so complicated a play of physico-chemical forces is possible 
as we find in living matter. 

* From zyte, the Greek word for ceil, not from zyman, to ferment. 
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A colloidal solution contains the dissolved substance in so fine 
a state of division that it has an active surface millions of times 
greater than in its ordinary or macroscopic condition; on the 
other hand, the subdivision is not so great as to abolish all those 
specific properties possessed by the material in question when in 
larger pieces, which would be the case if the subdivision were 
carried to the point of the molecular stage (see page 20). These 
large surfaces carry very great electric charges, and hence colloids 
are very sensitive to changes in electrical conditions, but also to 
changes in temperature, in the concentration of added elec- 
trolytes, and other factors. 

A recent investigator of colloids, Bechhold, therefore does not 
go too far when he says that the colloids may be regarded as the 
intermediate stage betw'een dead and living matter (see also 
below, page 318). Certainly the spontaneous generation of life 
can only take place, if it ever does do so or has done so, in this 
region, and coUoid-chemical investigation promises to give us in 
the future, as it hcis done in the past, a very great deal of informa- 
tion concerning life processes.*^® 

Now that we have noted the most important fundamental 
chemical facts of biology, we may return to the philosophical 
questions mentioned at the start, the problem of mechanism versus 
vitalism. It is well known that, at the beginning of the last 
century, it was regarded as impossible for chemistry ever to 
manufacture (synthesise) the highly complicated organic sub- 
stances: it w’as supposed that ‘life force’ was required for this 
purpose. This view, called to-day the older vitalism, was 
decisively disproved by Wohler’s famous synthesis of urea in the 
year 1828, and this was quickly followed by the syntheses of 
other well-known organic substances, such as acetic acid, alcohol, 
etc. 

To-day we know that chemistry, given patience and good 
fortune, can build up S5mthetically every kind of organic sub- 
stance, although many such groups of substances, particularly 
the proteins, have yielded up their secrets only with the greatest 
dififtculty, or not at all. Recently for example, the synthesis of 
haemin has been accomplished, this being the main constituent 
of the red colouring matter of the blood haemoglobin, which is 
compound of haemin with various proteins. It is well known 
to everyone that the chemical industry of to-day manufactures 
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artificially a number of important organic substances, which 
earlier could only be derived from plants or in some cases from 
animals. 

This foundation for vitalism thus proved illusory, but it very 
soon appeared that behind this first conquered line another 
and much more difficult one lay. For now the question arose as 
to what means were used by living organisms for the s3mthesis 
of the substance in question. The operations we perform in 
retorts and distillation flasks are only in the rarest cases copies 
of the methods used by the plant or the animal. The chemist 
finds an organic sjmthesis as complicated as the plant appears 
to find it simple. The plant produces a highly complicated 
molecule such as starch from the carbonic acid of the air by a 
single magic stroke, while the chemist needs hours and days to 
make a few grams of sugar, and is obhged to observe the 
greatest possible care as to his conditions. The contrast is at 
first sight so great, that not a few leaders of vitalism, only a few 
decades ago, found in it a further argument for their point of view. 

For instance, even in the year 1909, J. Reinke of Kiel wrote : 
'It would be a wasted effort on the part of a chemist to attempt 
to transform carbonic acid into sugar in the laboratory in the 
same way as the reaction goes by itself in the plant.’®^* 

It is now certain that this second bio-chemical argument for 
vitalism is untenable. As a matter of history, the decision in 
this question has depended mainly upon the investigation of 
fermentation, which we must now deal with in a few words. 
Fermentation as we know, is the decomposition of grape sugar 
by yeast into alcohol and carbon dioxide. The equation 

CjHjgOj = 2 C2HJO -j- 2 CO2 

I mol. grape sugar 2 mols. alcohol + 2 mols. carbon dioxide. 

summarises this reaction, but it is only a very superficial repre- 
sentation of the actual process, in which a whole number of bye- 
products, such as glycerine, succinic acid, aldehyde, and others, 
are formed. Furthermore, the equation gives us no insight into 
the way in which the sugar molecule is broken up into four new 
molecules. Recent investigations, particularly by Neuberg and 
his pupils, have cleared up the problem, if not completely, at any 
rate to the point of giving us the most important intermediate 
steps of the process, and have enabled us to increase the output 



310 MATTER AND LIFE 

of bye-products to any extent by changing the conditions, and 
also to completely suppress the formation of alcohol. In this 
way, among other applications, the glycerine used in the war for 
the manufacture of explosives was produced industrially. 

The discussion turned at first mainly about the r 61 e of yeast 
in this process. Yeast was shown by Schwann in the forties of 
last century to be a mass of micro-organisms, and Pasteur proved, 
in face of the opposition of Liebig, that when these organisms 
were killed no fermentation took place (Pasteur, of course, was 
the father of modem methods of sterilisation). This seemed to 
prove that a living organism, yeast that is, was really necessary 
to the production of fermentation, and hence it is not surprising 
that we find Pasteur in the camp of convinced vitalists. He 
would indeed have had to be more than a genius to have guessed 
at that time the correct solution of the problem. 

This lies in the fact that fermentation is a catal5rtic process, 
for which as catalyst a substance is required which is itself dead, 
but which, at present, we cannot obtain from any other source 
than yeast. This was proved experimentally in the year 1896 
by Buchner, who succeeded in extracting from crushed yeast 
cells, which were therefore undoubtedly dead, a substance which 
he called zymase and which, when brought into sugar solution 
produced ail the characteristic effects of fermentation. If we 
could produce this substance artificially, we should be entirely 
independent of the hving plant. The fact that we cannot yet 
do so, proves nothing in the face of the innumerable organic 
syntheses which have been successfully accomphshed. 

This disposes of the second bio-chemical argument for vitalism, 
and it is useless to assert, after this has happened in the case of 
fermentation, that matters are otherwise in respect of assimilation 
and other processes (as Reinke attempts to do in the remark cited 
above). It is fairly certain that assimilation is a catalytic process 
of this kind, to w^hich the chlorophyll of the plant belongs as 
complement, but which obviously requires other special enzymes 
which we do not yet know.*^* In any case, Molisch has shown 
that life is not absolutely necessary to the process, since under 
certain conditions, dead cell material is able to assimilate. 

On the other hand, several direct syntheses of sugar from 
carbon acid have recently been effected by means of ultra-violet 
light, which, of course, as is proved by the elimination of 
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chlorophyll, cannot be regarded as directly parallel with the natural 
synthesis of sugar. This problem is stiU in a fluid state, but no 
sensible person has any doubt that it will be finally solved. 

For the sake of completeness we may add, that the recent investigations 
of the Neuberg school have shown fermentation to be a considerably more 
complicated matter than appeared at first sight after Buchner’s discovery. 
Zymase is not a single substance, but contains various ferments, and 
furthermore, only a small part of ordinary fermentation is caused by it, the 
greater part being accomplished by other ferments, as Rubner proved 
some years ago. All this has nothing to do with the fact, that, funda- 
mentally, the decision was given by Buchner’s discovery; fermentation 
is a catalytic process similar to others of the kind. It proceeds inde- 
pendently of life when once the catalyst or cataljrsts are present which 
cause it to take place.*'-® 

We cannot leave this subject without shortly referring to 
another attempt to give vitalism a bio-chemical foundation; an 
attempt which we may describe as ‘stereochemical’ vitalism. 
Organic chemistry tells us of a large number of so-called optically 
active substances, that is to say, substances which, whether as 
crystals or in solution, rotate the plane of polarised hght. Accord- 
ing to the direction in which the light is rotated we distinguish 
between right-handed and left-handed substances (dextro- and 
laevo-rotatory). The crystals of these substances are always 
found on close examination to have asymmetrical forms, that is 
to say, forms which differ from their mirror images as a left- 
hand glove differs from a right-hand glove. 

The explanation of the existence of these asymmetrical forms 
was given by Le Bel and van ’t Hoff in 1874. The substances 
in question contain one or more asymmetrical carbon atoms, that 
is, carbon atoms whose four valencies are linked to four diflerent 
atoms or groups of atoms, as we see for instance in the formula 
for lactic acid, HgC — CH (OH) — C OOH, the middle C of which 
is combined with four different groups CHg, H, OH, and COOH. 
If we imagine a carbon atom in the centre of a regular tetrahedron 
(figure 45), and the four groups or atoms at the four comers, we 
have the possibility of two arrangements which are not congruent, 
but resemble one another as an object resembles its image in a 
mirror. These two forms are the two active forms of lactic acid. 
In an artificial s3mthesis of lactic acid, as also in a fermentation 
process, these two kinds of molecules appear in equal proportions. 
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and the resultant product is, therefore, apparently optically 
inactive, since the two parts cancel one another in their action on 
polarised light. 

The simplest means of separating these two components in 
this as in other cases, consists in the addition of certain kinds of 
bacteria which, curiously enough, only act upon one kind of 
molecule and not upon the other; or in other cases, such a mixed 
acid may be neutralised to form a salt by an organic base which 
is itself optically active and hence (sometimes) only forms a salt 
with one half and not with the other; which salt then crystallises 
as a single form. This latter method however, assumes, as we 


d 



Fig. 45 

Asymmetrical carbon atom (C), 
combined with four dissimilar 
atoms or groups, a, h, c, d, which 
form the comers of a tetrahedron 

see, that we have already obtained from living nature other 
optically active living substances, or, on the other hand, that we 
eJIow living bodies to act directly on the mixture. It thus 
appeared at first as if it would not be possible to attain the 
separation of the two components by purely artificial or synthetic 
methods. 

This was sufficient immediately to bring the vitalists into the 
discussion. They argued that only the living organism possesses 
the power of reahsing one alone of two possible asymmetrical 
arrangements of atoms, or of destroying one of them alone. 
This power is certainly very curious, for it is not easy to under- 
stand a priori why the grape, for example, should always produce 
only right-handed tartaric acid and the camphor tree only right- 
handed camphor, and why the latter alone, and not its opposite 
form which we are able to make artificially, should produce the 
physiological results. 
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But since organic chemistry has actually succeeded with syn- 
theses of asymmetric forms,®^® the verdict of the vitalists that 
this could only be done by vital force, is shoAvn to be wrong. 
Vitalism has thus again suffered a defeat, and there can hardly 
be any doubt that it will always have the same experience, if it 
tries to uphold its position by referring to single and particularly 
chemical activities of the organism. We must therefore come to 
the conclusion that it is hopeless to define life in this way. There 
are no chemical substances or processes in the organism which 
chemistry cannot imitate fundamentally. If the vitalistic view 
is to be maintained it must look around for other supports. 

We will, therefore, now take our leave of the purely physico- 
chemical question and turn to specifically biological phenomena. 
The tools of the biologist are not retorts and test tubes, but 
microscope and microtome, and his proper field of operation is 
not the chemical laboratory, but living nature, the incubator 
and the culture. Let us now see what he has discovered in his 
own peculiar field. 



II 

THE LIVING CELL 

Only since the microscope came to the aid of biological research 
has the latter really progressed beyond the stage of merely classi- 
fjdng existing species. In the year 1660, Leeuwenhoek discovered 
the w^orld of living organisms in a drop of water by means of the 
microscope, and about the same time, Malpighi and Grew dis- 
covered the cellular structure of plants by the same means. But 
the fact that the ceU is actually the elementary component of the 
living organism remained for a long time unknown. 

It was the discovery by Schwann in 1838 of the animal cell, 
that opened our eyes to the fact that cellular structure is a com- 
mon characteristic of all higher organisms, which as multi- 
cellular (metazoa) are contrasted with the unicellular organisms 
(protozoa). If, in most recent times, we have had to set certain 
limits to this statement, as we shall presently see, the fact still 
remains that it is correct in by far the great majority of cases. 
The animal cell was more difficult to recognise as a imit because, 
in most cases, it does not possess a wall like that of the plant cell, 
and because the intercellular substance (that is the substance 
accumulated between the cells as a result of their activity) plays 
a considerably more important part in the animal organism than 
in the plant. 

Soon after the fundamental discovery of the scientist above 
mentioned, other investigators, mainly German, showed that 
all higher multicellular organisms are derived from a single cell 
or from tw^o germ cells which unite to form one. The multi- 
cellular organism is formed by the continual division of the single 
cell. This fact, which is known to every layman to-day, is a 
very perfect example of those truths of which Schopenhauer has 
said, that they are at first just as strange and astonishing as they 
are afterwards self-evident. Who thinks to-day of the great 
experimental skill and fruitful imagination that was necessary 
before K. E. von Baer, Boveri, O. Hertwig and others succeeded 
in making these matters as clear to us as they are to-day, when 
they are to be found in every school book ? 

3M 
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We must not pass on without pointing out that the boundary 
between unicellular and multicellular organisms is badly defined, 
in many cases. There are colonies of cells, such for example as 
the globular animal shown in Figure 46 (Volvox), which may 



Fig. 46 
Volvox colony 


equally well be regarded as a single individual, or as a collection 
of a number of more or less independent cells. Even the sponges, 
which are usually counted among the multicellular animals, show 
so loose a connexion, that they might also be described as mere 
colonies of cells. 

Only when wc come to the next group, the corals, do we finally 
get the impression of individuedity for the whole, and here we 
find a further curious fact that many such individuals again 
form a structure of a higher order, which obviously functions 
quite unitedly as a single being. In particular, the so-called 
siphom 'phores are such collections of polyps, which consist of 
single individuals with various functions to perform, and hence 
with various characteristics (nutritive polyps, defensive polyps). 
While in this case the formation of a whole goes beyond the stage 
of what is commonly called an individual, we find on the other 
hand, in the case of the multicellular organism, a differentiation 
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of the various organs and organic regions, which likewise dis- 
tinguishes characteristic wholes, namely cell colonies with quite 
definite functions (kidney ceUs, nerve cells, etc.) from the whole 
individual, which then exhibits itself as the compound result of 
its various parts, namely the organs. 

This hasty survey already allows us to see what is the leading 
characteristic of living matter; the combination of parts to form 
wholes, which again become the parts of wholes of a higher order. 
In this series of wholes, it is easy to show that the cell is by no 
means the lowest stage. In this matter, modem science has had 
to revise its views. The cell is not, as was believed in Haeckel’s 
time, the ultimate elementary part of the organism; on the 
contrary, it possesses in all cases known to us, as also in that of* 
the simplest living organism such as a baciUus or an amoeba, an 
extremely complicated stracture.®^® 

Many unicellular organisms, such for example as the well known 
infusorium Paramecium, even have highly elaborate organic 
arrangements such as a special mouth, cilia as organs of motion, 
vacuoles for breathing and digesting, etc. Others have retractive 
stalks, crowns of ciha for creating currents, and all sorts of other 
pecuharities; and as well, an internal structure that is anything 
but homogeneous. To this we may add the most recent dis- 
coverj^ that the intercellular substance^^*^ of animals is, in 
numerous cases, by no means to be regarded as dead, that is, 
as a mere excretory product of the living cell, but undoubtedly 
as a part in the life of the organism. 

Again, the normal structure of the cell with its nucleus and 
protoplasm is by no means always present in so simple a form, 
for there are cells containing hundreds and even thousands of 
nuclear bodies. We thus see that we are not to regard the cell 
as the essential and indispensable fundamental element of life, 
but that life itself is only associated with those substances and 
complexes of substances of which cells are made. This does not 
however, abolish the rule that the cell is the normal form of this 
material of life called protoplasm. 

The highly complicated structure of which a single cell is 
capable is shown, apart from the above facts derived from direct 
observation, by equally impressive indirect evidence derived 
from heredity. It is proved that the germ cells can transmit as 
many quahties as there are differences between the species and 
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even between individuals of a single species, for otherwise there 
would be no explanation of the fact that, in the same external 
circumstances, a hen’s egg always produces a fowl, a frog’s egg 
a frog, and a snake’s egg a snake. These differences must be 
contained, in some way or other, in the eggs themselves, although 
they appear to us, when of the same species, exactly alike, even 
under the microscope. How this is possible or thinkable, will be 
discussed later, but the fact is undeniable. But it proves that 
the cell must have the possibility of fine structure, and must 
possess one so fine as to be far beyond the reach of our best 
microscopes.®^* 

How is such an incredibly fine structure possible ? 

Or may it be that we are not dealing with a material structure 
at all, but with super-material powers, which cannot be captured 
by the microscope, even if the latter could take us all the way 
down to the atoms ? The size of the ceU varies within fairly 
wide limits. Some attain a length of several centimetres in one 
direction at least, while others are hardly visible under the best 
microscope. The majority however have dimensions just about 
at the limit of visibility with the naked eye. The smallest form 
that has been measured with certainty is probably the Spirillum 
parvum of von Esmarch, which has a thickness of o.i — 0.3 
the so-called influenza bacillus (its right to the name is doubtful) 
is also very small, but 0.4 /i thick and 1.2 /x long. 

But it is not impossible, and for certain reasons even probable, 
that smaller organisms exist which are only visible in the ultra- 
microscope. It is possible that the agents of certain diseases, 
such as the lung diseases of cattle, foot and mouth disease, the 
mosaic disease of tobacco, and others belong to this category, as 
has been shown by filtration experiments.* However, these will 
probably not be much ."mailer than those visible in the micros- 
cope.®^® We may therefore regard a diameter of o.i /i to 0.3 /i as 
close to the lowest limit of the size of living beings. 

If we now calculate for a cell of 0.1 /x diameter the number of 
protein molecules which it contains in accordance with our 
present knowledge of the constitution of these substances, we 
find according to Errera®*® about ten thousand. This is, after 
all, a number of units which would sufiice for the most complicated 
structure imaginable, when we further consider, that, from the 

* This was proved a few months ago by Bechhold 
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purely chemical point of view, millions and billions of varieties of 
protein may exist. But between the molecular structure investi- 
gated by chemistry and the coarser constituents of cell structure 
which are visible under the microscope lies exactly that 'world of 
neglected dimensions’ (see page 20), in other words the world 
of colloids, which is now in process of discovery. In this region 
the limits between structure in the ordinary mechanical sense of 
the word, and chemical structure, that is the building-up of the 
molecules from atoms, become xmcertain. But of recent years, 
numerous successful excursions into this hitherto unknown 
territory have been made. 

The most important discovery in this field was made by a 
Frenchman, d’Herelle,®*^ in the year 1917. He placed, day after 
day, a few drops of the intestinal fluid of a person suffering from 
dysentery in nutrient broth, filtered this through a filter fine 
enough to keep back bacteria (Berkenfeld or Chamberland), and 
observed that the liquid thus obtained acquired the power, after 
some days in the progress of the disease, of dissolving dysentery 
bacilli growing in another culture liquid. Now if we add some 
of the liquid containing such a dissolved culture to another 
culture, the same effect is obtained, and it increases in strength 
with every repetition. D’HereUe concluded from these facts, 
that he was dealing with an ultramicroscopic living creature 
capable of dissolving bacteria, and this he called a 'bacteriophage.' 

Other investigators, however, believe that the substance which 
dissolves the bacteria is formed in the bodies of the bacteria them- 
selves as they are dissolved. All that is certain is, that it only 
increases in amount together with the bacteria, and further, that 
it is strictly specific, that is, only acts on the particular bacteria 
by the help of which it was originally obtained (in d'Herelle's case 
only on dysentery bacteria). Bechhold, who himself has thor- 
oughly investigated this d'Herelle phenomenon, proved that the 
phagic principle can be separated from ultramicroscopic bodies 
which are visible, and probably fragments of bacteria, by means 
of ultra-filtration (see page 21 above). Since such ultra-filters 
only allow albumen to pass in very great dilution, and even the 
red colouring matter of the blood, haemoglobin, only in traces, it 
follows that the bacteriophage cannot be much larger than the 
molecules of these substances. 

This leads to the question whether this 'something' may not 
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perhaps occupy a position between a true living organism and a 
dead protein molecule, so that one can hardly say whether we 
are deeding with a living creature or dead matter. This ‘some- 
thing’ has perhaps only one of the two fundamental properties of 
living matter, assimilation and reproduction. It has the property 
of assimilation, while reproduction is left to the bacteria. How- 
ever this may be - the case concerning this phenomenon is far 
from being closed - we certainly see enough to say that we are in 
a border land where it is possible that a kind of transition between 
living and dead takes place. 

A recent attempt has been made to approach this region from 
another direction, by means of X-ray analysis (page 170). The 
investigations in question were initiated by the industries dealing 
with fibres, which obviously have an interest in gaining knowledge 
of the fine structure of plant and animal fibres (cotton, silk, etc.) 
which far exceeds anything attainable by human methods. By 
means of the Laue diagram mentioned above, we have succeeded 
in getting on the track of this and many other structural secrets 
of living cells. 

The result has been to confirm the hypothesis put forward 
sixty years ago by the botanist Nageli, at any rate to a consider- 
able extent. Nageli assumed that the living cell consists of 
smaller units which he called micelles, and which, in his opinion, 
were separated by other intermediate substances. According to 
the investigations we are discussing, it seems to be a fact that a 
cellulose fibre has such a micellar structure.®** The cellulose 
fibre consists, as X-ray investigation combined with chemical has 
shown, fundamentally of grape sugar molecules, which are in the 
first place united in pairs to form a double sugar, cellobiose. These 
double molecules then form a regiilar (crystalline) arrangement, 
which is rendered evident by optical polarisation phenomena 
and X-ray analysis, and we have thus, primarily, a linear elemen- 
tary structure. If we now imagine a larger number (some 
hundreds or thousands) of such linear structures with their axes 
parallel to one another, but otherwise arranged at random along side 
one another (like a large number of lead pencils of xmequal length 
in a long narrow box, considerably longer than a pencil) we have 
an approximate picture of a micelle of cellulose fibre (figure 47). 

In other similar cases, similar, half regular, half irregular 
arrangements of plate-like structures have been found (Haber, 
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Naturwiss., 1926, p. 854). We see how in this case, the chemical 
fine structure, that is, the arrangement of the molecules made up 
of atoms, passes over without a sharp transition into mechanical 
fine structure, that is to say, the arrangement of the molecules 
to form greater aggregations. We need hardly point out that 
the forces acting from one molecule to the next are not funda- 
mentally different from those which act within the molecule 
between the atoms. It has already been shown®** that a similar 
crystalline or semi-crystalline arrangement exists in the sub- 
stances contained in the cell nucleus and its sub-divisions (for 
example, the so-called chromosomes, see page 336J, but here 
matters appear to be much more complicated. It has been quite 
generally proved, that in colloidal solutions, such semi-crystalline 



Fig. 47 

Micelle structure of cellulose in fibres 


structures are found very frequently, and probably the distance 
of the single units from one another is regulated by quantum or 
wave mechanical considerations, just as in the internal structure 
of the molecule, but we have not yet any certain information on 
this point. Hence these few remarks must suffice. 

So far we have only discussed the structure of hving cells, and 
we must now say something about their functions. These are 
three in chief: Assimilation and growth, reproduction, and reaction 
to stimulus. All these are very closely connected. An object 
very often used to demonstrate these various functions is the 
amoeba. We see this minute being under the microscope, appear- 
ing like a naked fragment of jelly, stretching out its pseudopodia, 
and moving with their help towards another tiny living creature 
or other desirable piece of food; we see how the pseudopodia close 
around the prey, how it is gradually drawn into the body of the 
amoeba, and how the pseudopodia, their duty having been per- 
formed, are drawn in again; we see the prey whoUy or partially 
dissolved in a juice quickly produced for the purpose, the indi- 
gestible residue thrust out of the body, and the whole process soon 
repeated with another piece of food. 
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We axe further able to observe that such minute beings answer 
to certain stimuli, for example light or shade, by definite 
behaviour, hence they must obviously be sensitive to the stimulus 
in some way or another. Indeed, the feeding process itself is 
sufficient to demonstrate this STisceptibility to stimulus, for we can 
easily notice that this fragment of jelly distinguishes exactly 
between the substances which it meets; that the amoeba, for 
example, takes no notice of indigestible grains of hard mineral. 

In short, we are confronted with a being, that, in unmistakable 
analogy with our own actions and those of the higher animals, is 
apparently gifted with the power of voluntary motion, of receiving 
and making use of sense impressions, and of selecting and digesting 
suitable food. Apart from these readily observable activities of 
the cell as a whole, more exact investigations show that continual 
changes and eddies are going on inside the cell itself. It is prob- 
able that, in the case of multicellular plants, an exchange of plasm 
is continually taking place from cell to cell, the cell walls being 
provided for this purpose with minute canals. And all these 
movements take place, not by any means according to blind 
physical laws, but obviously in the service of the whole, and thus 
form a part of the great problem of hfe, which is that of explaining 
how the living organism comes to function as a single whole. 

We shall therefore now devote our attention to this problem, 
limiting ourselves for the present to what can be said from the 
standpoint of the investigation of miicellular organisms and their 
life. We will deal later on with the question of multicellular 
organisms and its bearing on the problem. It is necessary to 
proceed in this way, otherwise we shall not be able to see the 
whole clearly. It is further necessary to reaUse at this point, 
that the problem of life has, in another respect as well, a two-fold 
character. We can first of all ask to what extent physics and 
chemistry help us to understand the processes which take place 
in the given hving cell or multicellular organism. We may then 
further inquire how far they are able to go on to explain how 
such existences have come into being. 

It is easy to see that the latter question goes a great deal 
further, when we consider that, for example, the structime and 
functioning of an electricity generating station can be explained 
from the physical forces acting on the machines in question, but 
that no one would assert that such a station could have come 

Xs 
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into being as the result of the blind play of such physical forces. 
In other words, we must be careful to distinguish the problem of 
the phenomena of life from that of the generation of life, if we wish 
to gain a true understanding of the position. 

Let us therefore first confine ourselves to the life phenomena of 
the unicellular organisms. At the time of the greatest popularity 
of mechanism (1880-1900) it was often supposed that physics and 
chemistry were already on the way to explaining the functions 
of the living cell, particularly assimilation, by the application 
of known physical and chemical laws. The naive opinion that 
the simplest elementary unit of life had been discovered in the 
cell, encouraged this view; and certain experiments, at first sight 
very surprising, appeared to give a direct proof of it. Since 
these ‘proofs* of mechanism, although they have long been 
recognised as erroneous have not yet entirely disappeared from 
popular literature, it is necessary for us to devote a few words 
to this point. Actually, analogies to almost all life phenomena 
of the single cell are known in physical chemistry, and they often 
simulate life with an extraordinary accuracy. 

If a drop of potassium ferrocyanide solution (yellow prussiate of potash) 
is carefully introduced into a solution of copper sulphate (blue vitriol), 
there is immediately formed around the drop a thin skin of insoluble 
ferrocyanide of copper according to the equation: 

K^Fe (CN)^ + 2 Cu SO^ = CugFe (CN)^ + 2K2SO4 

a skin of this kind forms a 'semi-permeable* membrane (like parchment, 
animal bladder etc: see above), and allows water and sometimes salts, to 
pass through. Under suitable conditions of concentration in this case, 
only water passes into the interior of the drop or ‘artificial cell.* The 
result is an excess of pressure inside the drop, and the membrane finally 
tears. At the point of tearing, the liquid within pours out, but the same 
thin skin is immediately formed around the extruded drop, and the same 
process now takes place with this 'daughter cell,* as with the original 
‘parent cell.* A process thus takes place before our eyes, which strongly 
reminds us of the growth of an organism by cell division. Exactly similar 
experiments can be made with other pairs of suitable salt solutions, for 
example, water glass and zinc vitriol (Traube, Reinke, and others, see Figs. 
48 and 49, opp. page 323). 

Another very pretty series of experiments is due to Rhumbler. He 
introduced drops of chloroform (for example) into a liquid of the same 
specific gravity, in which they remained suspended. He was then able to 
reproduce a number of phenomena which remind us of the intake of food 
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by unicellulax organisms such as the amoeba. Thus the drops of chloro- 
form enveloped small grains of sealing wax in exactly the same way as an 
amoeba grasps a fragment of food. These phenomena are easily explained 
by means of the laws of surface tension, and we do not need to discuss them 
further here. They are thus fairly simple phenomena. 

Lehmann observed, in connexion with the 'liquid crystals' which he 
discovered, a whole series of phenomena which have an astounding likeness 
to the processes of cell-conjugation (union of two cells) and cell division. 

Quite recently Leduc has obtained really wonderful results of this kind 
by similar means to those first mentioned. *24 pjg succeeded in producing 
structures which were externally closely similar to a colony of algae: 
indeed he could imitate the turf-hke coating, which we see on water 
surfaces covered with algae. The annexed illustration. Fig. 50, gives us 
an idea of these 'artificial plants.' Here again, of course, we are merely 
dealing with a peculiar and cleverly arranged play of known physical and 
chemical forces, the explanation of which offers no difficulty. 


These two examples will suffice to make clear the essentials of 
the analogies in question. We should add, it is true, from the 
point of view of many mechanists, a whole series of more general 
analogies between inorganic and organic processes. W. Bolsche, 
for example, has stressed the analogy of assimilation, the intake 
of the surrounding inorganic material into the cycle of plant life, 
with the chemical processes of flame, and has even found, in his 
poetical manner, a connexion with the ancient idea of a relation- 
ship between fire and soul (Heraclites). Similarly, Preyer, in 
his book on scientific facts and problems, compares the sea with 
a mighty organism, the ‘quiet breathing of the sea' (the ebb and 
flow of the tide) is made to do duty as the ‘heart-beat of the 
earth,' etc. 

Sober consideration will, of course, lead everyone to agree that 
all this is nothing more than very loose comparison and super- 
ficial analogy, which does not advance us a single step in the 
investigation of actual living processes. For no one disputes 
that the latter, even when they are explicable on pure physico- 
chemical lines, are certainly not to be referred to those forces 
which produce the apparently analogous phenomena in the 
inorganic systems in question. For example, when one of those 
artificial cells first mentioned bursts on account of endosomose, 
and thus apparently ‘buds off’ in a new cell, this simple physico- 
chemical process has certainly nothing, or scarcely anything, to 
do with the extremely complicated processes which have to be 



MATTER AND LIFE 


324 

assumed, also on the mechanistic view, for real cell division, and 
the same is true in all the other cases. 

The general public cannot possibly know enough about the 
subject to estimate the importance of these experiments, and 
anyone describing them in popular language without adding that 
they are nothing but superficial comparisons, is consciously or 
unconsciously throwing dust in the eyes of the public, and the 
vitahsts are quite right in protesting. Anyone who supposes 
that these experiments prove that the living cell is nothing but 
a physico-chemical machine, might equally well assume that the 
existence of automatic electric pianos proves that Liszt and 
Chopin were also musical automata. To this extent, vitalism 
has nothing to fear from these anedogies. 

On the other hand, we must point out with equal definiteness, 
that it is no less wrong for vitalism, on its side, to use the contrast 
between real vital phenomena and the physico-chemical processes 
mentioned to draw the conclusion that biological and physico- 
chemical processes are fundamentally unhke. It is true that the 
‘growth’ of a crystal in a solution is something entirely different 
from the growth of a living cell, for the former takes place by the 
addition of layers upon the outside, the latter by so-called intus- 
susception. Likewise the flowing of a chloroform drop around a 
fragment of sealing wax, on account of surface tension, is certainly 
something different from the flowing of the pseudopodia of the 
amoeba around the algae. But this by no means proves that 
biological processes are something entirely different from physico- 
chemical processes. There are innumerable types of the latter; 
the processes of organic chemistry are also, in almost all points 
different from those which we study in inorganic chemistry, and 
yet no one doubts that they are fundamentally alike. The 
intussusception of the amoeba may perfectly well be a physico- 
chemical process although one entirely different from the growth 
of a crystal. Speaking quite generally, when a vitalist has said: 
‘analogies may never be misused in order to prove the similarity 
of different phenomena,’ this sentence must be extended by 
adding: ‘that contrasts also must never be misused in order to 
prove the fundamental and absolute dissimilarity of different 
processes.’ 

Among the false arguments of this kind coming from the 
vitalistic side we may note particularly the emphasis laid upon 
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the irreversibility of life processes and upon the mortahty of 
organisms. It is of course true, that simple chemical processes 
such as the reaction Mg + O = MgO, can be reversed without 
difficulty, whereas life processes cannot be reversed. But a 
thunderstorm or the outburst of a geyser also cannot be reversed, 
nor can any other physico-chemical process of any higher degree 
of complication; indeed this is already expressed in the law of 
entropy. What guarantee have we, therefore, that the irre- 
versible phenomena in question, the life processes, are not also 
highly complicated physico-chemical processes of this kind? 

Furthermore, when we consider death (we shall go into this 
matter at greater length later on) it is of course true that a machine 
is theoretically capable of operation for an unlimited length of 
time, if its parts are so constructed as to renew themselves con- 
tinually from surrounding material, whereas experience tells us 
that life always ends in death. Also, a machine can (theoretically) 
stand still for an indefinite time, whereas experience teaches us 
that hfe, if it stands still for too long, invariably becomes extinct. 
But even these contrasted statements do not in reality carry 
weight, for; i, every machine also rusts in practice when left 
alone, and then does not work any longer; and in practice also, 
every machine becomes too old in spite of aU repairs; 2, but in the 
case of life processes, it is by no means proved that their cessation 
or death follows from absolutely inward necessity; on the contrary, 
we are almost certain to-day that this is not the case (see below), 
but that in reality it is only external injuries, just as in the case 
of a machine, which bring about the end. 

As regards the durable forms of life (spores, seeds, etc.), we 
can assert with complete certainty that an absolute isolation of 
them from the external world by no means exists, and hence we 
can never say for certain whether chemical changes have not 
taken place within them, to however small an extent, or whether 
the process of life has really come to a standstill. It is true that 
the latter view is supported by the astounding durability of such 
forms of life. It has been proved without question, that seeds 
can remain capable of germination for sixty years and bacteria 
for as long as ninety-two years. Although the famous Egj'ptian 
wheat has been shown to be a deception practised by the natives, 
we still have sufficient evidence to demonstrate a duration 
of quiescence, which could only be compatible with an 
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extraordinarily small transformation of energy within the cell. 
But who is to prove that no transformation whatever takes 
place ? And even if that were the case, we should still have to 
reckon with external influences, which are also finally effective 
in the case of a machine which is out of action for a long period, 
and can be no more isolated from the external world than the 
seeds or spores. 

These arguments for vitalism are therefore just as weak as 
those, referred to above, derived from biochemistry. The final 
conclusion is, that it is obviously hopeless to base vitalism on the 
demonstration of certain processes or groups of processes which are 
supposed not to occur in inorganic systems. It is not too much to 
say that every assertion of this kind can be countered by the 
mechanist with a striking inorganic analogy such as we have seen 
above in connexion with artificial cells, and that this has again 
and again compelled the vitalists to limit their assertions. Any- 
one who has a general and unprejudiced view of this discussion 
cannot escape the impression that, taking it all in all, vitalism 
has not played a very fortunate part. 

Nevertheless, we are aware of an inward voice which tells us 
that it cannot be a complete illusion, when living organisms again 
and again appear to us as something totally different and higher 
as compared with inorganic nature. Even when we intentionally 
refrain for the moment from considering psychical phenomena, 
we still have a general impression that even the most primitive 
living being is something quite other than the most complicated 
inorganic system. What is the reason for this, if it is not to be 
found in the individual processes which are similar in the two 
cases ? 

The answer is obviously to be found in the fact of the 'whole- 
ness' character of life processes, which always take place in such 
a way that they act in the service of the whole (as far as this is 
possible, that is to say). Everything that a living being does, is 
always done (apart from artificially produced exceptions) in such 
a way as to maintain and reproduce it and its species. All the 
enormously complicated transformations in the living cell, indeed, 
the separation from the living plasm of the enzymes which effect 
these transformations, take place in the service of the whole. 
This is just as certain as any fact in physics and chemistry, and it 
is the fundamental fact of life that everything about it is related 
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to the whole. However, we may look at it, we are here confronted 
with something which does not happen in physics and chemistry, 
even if all single processes are comprised in these latter. 

Vitalism has performed the unquestionable service of repeatedly 
drawing attention to this fact, which mechanism, in the heat of 
the battle, has too often lost sight of. The only real refutation 
of it would be to show that this relation to the whole, or putting 
it honestly and plainly, this purposiveness (teleology) of life pro- 
cesses, can be explained by purely physico-chemical principles. 
We are at present very far indeed from such a possibility, and 
we cannot even imagine how this state of affairs is to be altered.**® 

We can also express this point of view by sa5dng that, even if 
we could explain by physico-chemical means all the single actions 
of a finished organism, we should still be unable to explain how 
such an extraordinary complicated physico-chemical machine, 
capable of all these functions, could come into existence. As we 
see, we are now confronted with the problem not of the phenomena 
of life, but of its origin, and we must therefore devote a few 
preliminary words to this question. Our final attitude can, as in 
the former case, only be defined, when we have considered the 
whole range of life phenomena. 

We may anticipate the final conclusion as follows. The 
successes of the mechanistic methods of investigating life processes 
have themselves removed the grounds for regarding the origin 
of life from a similar point of view. If the cell, as is the mechanist 
view, is really nothing but an enormously complicated piece of 
physico-chemical machinery, the probability of its production by 
physico-chemical forces becomes smaller and smaller, the further 
we penetrate into the fabulous compheation of its structure. 
While twenty or thirty years ago the doctrine of spontaneous 
generation was regarded as agreed upon, its position has been 
entirely changed since we have been able to gain closer insight 
into the finer differentiations inside the simplest cells by the use of 
increasingly delicate methods. Most scientists are unwilling to 
discuss this matter at aU, while a few stiU support -not for 
experimental, but for general reasons - spontaneous generation; 
a large number inchne to the so-called doctrine of panspermy 
or the idea of the eternal existence of hfe (see below). Let us 
attempt to make clear the chief objects and coimter arguments. 

The complexity in the structure of a living cell affects both the 
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chemical material, and also the structure of the cell-body made 
from it, 

(a) The chemical substances comprised under the main constitu- 
ents ofprotoplasm, or, more specifically, nuclein, globulin, albumen, 
are, as already mentioned on pages 302, 308, all of so complicated 
structure, that we have hardly made a beginning of unravelling 
it, in spite of the work of E. Fischer, Bergmann and others. 
But let us suppose that these investigations have been brought 
to a successful conclusion, and that we have an exact picture of 
the more important constituents, and that we have even succeeded 
in making them S3mthetically. It will not be denied that all this 
lies within the realm of possibility. But now let us imagine what 
an enormous amount of trouble and knowledge would be necessary 
to prepare, say a definite enzyme, what a vast number of exactly 
maintained conditions, both simultaneous and successive, would 
have to be fulfilled in order to effect the result. For the greater 
the number of atoms in a molecule - and in the case of the proteins 
this amounts to himdreds and thousands -the greater is, generally 
speaking the tendency of this complicated molecule to decompose. 

In the laboratory the guiding mind is of course the chemist, 
who mixes together the right liquids in the right concentration, 
at the right moment and at the right temperature, and so on. 
But who is to take his place in non-living nature ? In the living 
cell, if we assume for a moment the mechanistic standpoint of 
the machine theory, this part is played by the machine condi- 
tions, that is, such things as the enzymes present. But here we 
are dealing precisely with the problem of how these themselves 
came into being. 

It has been answered that there was a gradual progress in the 
direction of higher and more complicated groupings, but there is 
a serious objection to this idea, since we know of life only as 
connected with the most complicated substances, and have good 
reasons for supposing that the life functions only become possible 
in the case of these complicated substances. But where have these 
come from when, after all, far simpler substances than they 
exhibit only a tendency to decompose, rather than to build up ? 
Does not this reduce to zero the possibility that even the chemical 
material alone which forms the essential foundation of life might 
have come into existence spontaneously ? 

This conclusion has often been drawn by vitalists, and it cannot 
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be denied a certain power to carry conviction. There can be no 
doubt at all that the nut is a very hard one for the mechanists to 
crack. But justice demands that we should not neglect the 
exceptions to the general rule, and should not ignore those cases, 
however rare they may be, in which fairly complicated products 
are formed under comparatively simple conditions, which might 
have existed, and still might exist somewhere and sometime in 
inorganic nature. In view of the far reaching importance which 
every small detail may assume in this matter, it is necessary that 
we should devote a few remarks to this point. 

There are two main groups of facts which must be mentioned. 
In the first place, many groups of organic substances have long 
been known, in which the above mentioned destructive tendency 
is by no means observable, but which, on the contrary, have a 
very decided tendency towards the formation of more complicated 
molecules from simpler ones. The chief of these are the aldehydes 
(and ketones) to which belongs the very substance, which is 
probably the first product of the assimilation of carbonic acid in 
the green parts of plants, formaldehyde CHgO: this substance 
can easily be formed anywhere in non-living nature (for example 
from carbon monoxide and water, CO + HgO). It has been shown 
that the simple action of lime, for example, and generally of basic 
substances upon formaldehyde results in the formation of com- 
plicated mixtures, among which at least one true sugar, acrose 
(CeHiaOe), is found (Butlerow, Fischer, Low.), but this is not the 
only reaction of the kind, for all aldehydes show more or less 
tendency to ‘polymerise* in this way, that is to say, their simple 
molecules unite to form multiples. 

The same is true of the compounds of cyanogen, the monoval- 
ent atomic group CN (the hydrogen compound of which, HCN, 
is prussic acid). Cyanogen compounds are formed with com- 
parative ease from inorganic materials, and could certainly pass 
over without much difficulty into organic substances such as 
formic acid, although Pfliiger's hypothesis, that protoplasm was 
formed in this way, is more than daring. We may nevertheless 
maintain, that syntheses of the two kinds mentioned, or also 
perhaps of other kinds, might take place even under free but suit- 
able natural conditions, and that they have therefore probably 
done so at some time or another on this earth. In particular, 
we should once more refer to the synthesis of carbohydrates by 
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ultra-violet light, already mentioned on page 310. By this means, 
for example, whole tons of sugar might have been formed ‘of 
themselves.' If further investigation should produce more 
results of this kind, above all, as regards the inclusion of nitrogen 
in the upward series of s5mtheses, the improbabihty of the 
spontaneous formation of protoplasm would become considerably 
less. But we must not overlook the fact that the affair would 
become more and more difficult the higher the stage reached. 

At present nothing can be said for certain on this point, but 
we may learn again from it, how extremely careful one must be 
in drawing conclusions about the momentary position of scientific 
knowledge, when it is a matter of proving something to be impos- 
sible. The older vitalism of 1828 had also a certain right to 
conclude from the results of science that the artificial preparation 
of organic substances was impossible or improbable; nevertheless, 
Wohler’s synthesis of urea abolished the conclusion with a single 
blow. 

We can easily see the reason for this. It was wrong to put 
forward as a positive result of science, something that in fact was 
no result at all. The two sentences: ‘It has been shown, that 
organic compounds cannot be made artificially’ and ‘it has not 
been shown, that organic compounds can be made artificially,’ 
were confused, the one with the other. Only the latter was true 
up till 1828, and at any moment further progress might have 
corrected it. The first sentence is a logically unjustifiable trans- 
formation of the practical absence of a result into the dogmatic 
result of a permanent impossibility; the old but perennisd mistake 
of confusing ignoramus with ignorahimus. 

If we are to avoid this mistake we must not, so far as I can see, 
declare dogmatically the impossibility, or even merely the infinite 
improbability, of the synthesis of natural proteins, but must only 
put on record that, so far, very little result in this direction has 
been obtained. Whether the future will bring more, is a matter 
concerning which we can make no assertions; we can only wait and 
see. 

(6) The second step necessary for mechanistic spontaneous 
generation, appears still less probable than that of the spontaneous 
formation of the constituents of protoplasm. This step is the 
production of an organised structure in these substances, which is 
required to make them into true protoplasm or structural material. 
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That a mere assemblage of such substances is a long way from 
being a living cell is best proved by considering the dead cell. 

On the contrary, the production of the materials would only 
be the first and smallest step towards the manufacture of living 
beings. The materials only would be available, and the main task 
would now become that of distributing this material in the neces- 
sary extremely fine and correct arrangement, and of bringing into 
existence that peculiar state of dynamic equilibrium, which 
constitutes life. A mere heap of wood, brass, iron, etc., does not 
turn into a machine, and we should have no better reason to expect 
a few proteins to turn into a cell. Even if we assume that the 
existence and functioning of the cell is a mere play of physical 
forces, the formation of the cell is thereby no more shown to be 
also a play of such forces than, as we said above, the construction 
of an electricity station can be explained by the forces which take 
part in its operation. 

Now, all that we know at present, concerning the living cell, is 
that it must have a much more complicated structure than the 
closest microscopical investigation has hitherto revealed. The 
phenomenon of regeneration alone is sufficient to show us how 
superficial the comparison with a machine certainly is. Imagine 
a machine which, when cut in half, regenerates the whole from 
surrounding material - we are unable to begin to form a picture 
of it. We can merely record the bare facts. Progress of our 
knowledge in this respect, as in every other, can only be attained 
by systematic biological experiment. What has been done in this 
respect is merely a beginning, although a very fine beginning, and 
it is entirely insufficient to allow any general conclusions to be 
drawn. 

All that we can assert with confidence is, that even the most 
primitive cell known to us is already an organism in the fullest 
sense of the word, a whole, in which every single part serves a 
definite end; a whole, which on the one hand possesses an astonish- 
ing extensibility, adaptiveness, and power of resistance, but on 
the other hand so complicated a structure, that this latter cannot 
be abolished without destroying the most essential feature, that is, 
making life impossible. How an unimaginably fine internal 
structure of this kind could come into being by itself as the result 
of physico-chemical forces, is for the present completely outside 
the range of our imagination, in spite of all assertions of certain 
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dogmatic mechanists. It appears to us at first sight just as 
improbable as that a poem should be formed by shaking letters 
together, a picture by pouring colours together, or a watch by 
melting brass and iron together. 

In spite of all this, a cautious critic will not agree with the 
vitalists in asserting that the mechanist supposition of spon- 
taneous generation is simply impossible. We should rather 
consider, that a much more advanced study of the substances 
forming protoplasm might perhaps one day lead to an insight into 
the necessity of certain arrangements and structures of molecules. 
If the forces acting from molecule to molecule, which are still 
entirely unknown to us, lead in the case of the simpler chemical 
compounds to the simpler crystal forms, if these molecular forces 
produce, in the case of many more complicated organic compounds 
the peculiar phenomena of Lehmann's liquid crystals, it is after all 
not entirely unthinkable that, in the case of the enormously more 
complicated plasm substances, the cell itself may result as the, so 
to speak, natural form as soon as the correct conditions occur. 

This is the direction taken by the investigations of the d'H^relle 
phenomenon and the micellar structure of cells, discussed above on 
page 318. They lead to the conclusion, that between the living 
cell and the inorganic crystal it is necessary to insert a hitherto 
neglected intermediate step, the investigation of which is necessary 
before the abyss between matter and life can possibly be bridged. 
This intermediate stage would consist in complexes of organic 
substances which, simply united to form larger or smaller aggre- 
gates without cellular form, would exhibit forms somewhat like 
those of the micelles in question. In such complexes of material, 
at first devoid of any characteristic of life, the power of assimila- 
tion must then have appeared at some time and somehow, that 
is to say, they must have contained enzyme-like components, 
which enabled the complexes of substance to form materials of 
the same chemical properties as themselves out of surrounding 
material. 

Although such systems are not yet known outside living nature, 
they are nevertheless imaginable.®** It has often been supposed 
that such a discovery has been made, but these reports have 
always turned out to be erroneous. Nevertheless, without some 
such supposition, a transition can hardly be imagined. Anyone 
not prepared to make it must decide to call entelechy or the like 
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to aid at the right moment as dcu& ex machina, a point of view 
which even arouses some doubts in many vitalists to-day. 

There is not much more to be said at the present time about the 
problem of spontaneous generation than what we have said 
already. We ought perhaps to mention some considerations put 
forward by the mechanists in order to refute the vitahsts' argu- 
ment that spontaneous generation, if it has ever occurred, ought 
to be observable somewhere or other to-day; that one should be 
able at least to observe the spontaneous formation of organic 
substances, somewhen and somewhere. 

The reply to this is, that such a free synthesis of higher carbon 
compounds could hardly be observed to-day, since life is already 
present everywhere, and infinite numbers of living organisms see 
to it that the smallest amount of organic substance which is 
anywhere obtainable is immediately drawn into the life cycle. 
If for example, a considerable quantity of sugar were to be 
formed by chance anywhere (say by the irradiation with ultra- 
violet light of water containing carbonic acid), this sugar would 
be immediately devoured by yeasts and other organisms, and 
hence we should never be able to observe its formation. Life is 
present everywhere to-day. Apart from the very coldest regions 
at the poles, the depths of the earth and perhaps also the lowest 
depths of the sea, there is no spot on the face of the earth where 
living beings, mostly of very many kinds, are not to be found. 
This argument thus removes one difficulty out of the way. But 
it follows from what we have said that the hypothesis of spontane- 
ous generation is, nevertheless, confronted at the present time 
with the greatest difficulties. 

We shall return in a different connexion to what is called the 
hypothesis of panspertny later on (see page 430) . For the present 
we will try to draw a general conclusion from what has been said, 
as far as this is possible. The conclusion is, that the discussion 
between mechanism and vitalism is so far undecided, unless 
fiurther arguments or counter arguments are produced. The 
discusijion is very much in the air, so long as we are not able to say 
exactly what physics and chemistry are able to achieve in 
the matter of explaining the phenomena and origin of life. 
Biochemistry would have to have finished its task before we could 
decide whether it alone was capable of explaining life. Since this 
is out of the question to-day - since, indeed, we are obviously at 
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the very beginning - there is nothing left for us but an honest 
non liquet. The most we can say is that, as regards the phe- 
nomena of life, mechanism has hitherto made several victorious 
advances against vitalism, but that, on the other hand, the 
prospects of mechanism as regards the origin of hfe become less 
and less, the deeper becomes our insight into cell structure. 

Those who are not satisfied with this very indefinite result, had 
better turn to those who are already sure about the matter to-day. 
There are enough of these in both camps. One party, as Frenssen 
neatly remarks, 'were there when the first cell was married' while 
the other party were watching when 'God knelt down and, smiling 
sadly, created man's soul.' We for our part are on the side of 
Mach when he says: 'A satisfactory philosophy of life cannot be 
presented to us, we have to win it . , . the highest philosophy of the 
scientist is to endure incomplete knowledge, and prefer it to the 
apparently complete, but inadequate' - though we should, it is 
true, wish to replace the more general term 'philosophy of life' 
by the limited one 'philosophy of nature.' We shall show later 
on that the philosophy of life as a whole may very well allow itself 
certain conclusions, even although many single points have to be 
left open. 

Having thus reviewed the most essential problems that already 
arise from a consideration of the simplest forms of life, we will 
now turn to those which originate in the phenomena of the higher, 
multicellular organisms. Here also, we will first glance over the 
facts themselves. 
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THE DETERMINATION PROBLEM 

The development of all higher organisms starts, as everyone 
knows, from a single, or two united cells, the germ cells, which in 
the latter case are almost always different from one another; one, 
the female, having accumulated a reserve of protoplasm, and 
hence being in a resting condition, while the other, the male, 
usually consists only of the nucleus, but is mobile, and hence has 
the task of seeking the female cell. This fundamental fact con- 
tains the whole problem of sexual difference. It is one of the 
most incomprehensible mysteries of nature that the polarity of 
the sexes, which apparently rests upon so simple a foundation, 
later attains such general importance.*^’ We shall later turn to 
this point in another connexion. For the present we will follow 
the process of development of the fertilised egg cell, confining 
ourselves for the sake of simplicity to animals. In plants there 
are many points of difference, but the process is similar on the 
whole. The most suitable objects for the study of these processes 
are furnished by the eggs of certain lower animals, such as 
namatodes and sea urchins**®. For the study of the further 
processes of development of the embryo, use is often made of 
lower vertebrates, particularly amphibians (newts, toads). 

We distinguish, as already stated above, the nucleus and the 
cytoplasm (cell protoplasm) in the structure of the cell. The 
nucleus itself, however, is again plainly differentiated internally 
into various parts which can be exhibited by suitable methods of 
staining. One of the easily stained portions is called chromatin 
(from chroma, colour; but the substance itself is colourless). The 
chromatin fills the whole space of the nucleus like a network with 
fine meshes (see figure 51a). Alongside the nucleus filled with 
chromatin, we are able to distinguish in the animal cell a small 
body which, on accoimt of its function in cell division about to be 
described, is called the centrosome or central body. 

When a cell starts to divide, the first thing we observe is, 
that the centrosome divides into two parts (figures 51a, b, opp. 
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this page), which are first of all close together and then gradually 
move to two opposite positions close to the cell wall. While this 
happens, the boundary between nucleus and cytoplasm becomes 
less and less clear, and at the same time there is formed in the 
latter a set of lines radiating out from the two centrosomes, while 
the chromatin draws together into a few loop-like threads, the 
number of which is different, but always constant for a given 
species. The whole conformation at this moment has a surpris- 
ing likeness to certain diagrams of magnetic lines of force. 

The process of division now takes place. The chromatin 
threads, which are now called chromosomes, all arrange them- 
selves in the equatorial plane (see figure 5ie), and then divide 
longitudinally, the parts separating, drawn as it were by the 
centrosomes. The whole body of the cell then contracts between 
these two halves, the boundary between nucleus and cytoplasm 
is soon restored in each half, the chromosomes again disperse into 
nets (now two in number) of chromatin, and we now have, after 
the last connexion is broken, two cells, each of exactly the same 
character as the original cell. Each possesses exactly half the 
chromatin, in the form of one longitudinal half of each 
chromosome. 

In the case of sexual reproduction, where the egg cell or ovum 
has first been fertihsed, the process is essentially the same; but a 
very important observation has been made in this case, namely 
that each of the daughter cells receives one half of the chromatin 
mass of both egg and sperm nucleus, so that at every further 
division, every new cell always shares with its twin cell the chromo- 
some substance from both father and mother. The series of diagrams 
in figure 52 (opp. this page), will thus be intelligible without further 
explanation. The union of two reproductive cells does not lead to 
the number of chromosomes being double that proper to the par- 
ticular species, because the germ cells always have half as many 
chromosomes as the body cells. The germ cells are formed from 
cells originally contained in the sex glands, by the two so called 
maturation divisions, which, on account of a peculiar mode of 
division different from the normal, result in the ova or spermatozoa 
produced having exactly half the normal number of chromosomes 
(figure 60, page 364). This fact most probably accounts for the 
Mendelian rules of hybridism (see below). 

The development of all multicellular organisms from a single 
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cell, or from two combined cells, is effected by this process of 
cell division. From one cell first two, then four, then eight, then 
sixteen, and so on, are produced; finally we have a spherical mass 
of cells, which is called a morula (mulberry). In animals this 
becomes a hollow sphere by secretion of liquid, and is called a 
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Fig- 53 


Scheme of the first stages of development of a multicellular 
organism. (From Hosse, Abstammungslehre und Darwimsmus, 

Tcubner, Leipzig-Berhn) 

blastula (bladder), this then collapsing to form the so-called 
gastnda. The latter process, called gastrulation, results in the 
formation of two different layers of cells, the hypoblast and the 
epiblast (the internal and external embryonic layers); while in 
all higher animals a middle layer, the mesoblast, is also present. 
The resulting cavity is called the archenter on (figure 53). The 
whole structure has a surprising likeness at this stage to the shape 
of the simplest coelenterates, which likewise consist only of two 
Ys 
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Ia5fers of cells, the endoderm and ectoderm, forming a cavity (with 
appendages). It is not necessary at this point to follow the 
further development in the case of higher animals. In the case 
of plants, the development goes on different lines from the morula 
stage onwards. 

It is a general truth that the differences in embryonic develop- 
ment are observed the earlier, the further the organisms in ques- 
tion are separated in their systematic relation. The part played 
by the male germ cell in starting the development of the egg 
appears at the first sight so mysterious - particularly before the 
modem science of heredity had taught us the equality of the 
two germ cells - that there was a tendency to see in this process 
a most impressive exhibition of life forces, dominants, or en- 
telechies, and to lay great emphasis upon it. This somewhat 
incautious vitalistic argument (vitalism is, as we have seen, always 
incautious when it lays hold of single selected processes) received 
a severe blow when it was shown that the inception of develop- 
ment is, in all probability, a relatively simple chemical process. 
For it has been shown that artificial parthenogenesis is possible in 
a great many cases. 

The first to be successful was J. Loeb, who was able to cause 
unfertilised sea urchin eggs to develop by adding certain salts 
(particularly MgClj), to the water in which they were living. 
Various investigators (R. Hertwig and G. Hertwig) then showed 
that vigorous brushing was capable of causing a part of such eggs 
to develop; and finally a very skilful French experimenter, 
Bataillon, was able to cause even frogs’ eggs to develop by piercing 
them with a fine needle. One of these at least even developed 
into a complete larva with tail and hind legs (most of them unfor- 
tunately died during the experiment on account of the injury 
caused through the experiments). 

These experiments strongly suggest the hypothesis that, in 
the case of ordinary development, the sperm cell entering the 
ovTim perhaps brings with it certain special substances (enzymes) 
which have the same effect as the external stimuli in the case of 
artificial parthenogenesis. This hypothesis received the best 
possible support from an observation of O. and G. Hertwig, that 
the development of the ovum can also be set going by sperm 
nuclei which have been injured, shortly before entering the egg, 
by radium or X-rays, to such an extent, that although they still 
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enter the ovum, they die immediately thereafter and do not unite 
with the nucleus of the ovum. The creatures thus produced are 
found to have only the qualities of the mother, which also goes 
to prove that the nucleus is at least the most important carrier 
of inherited characteristics (see below page 371). But the injured 
nucleus still obviously contains those substances which bring 
about the division of the ovum. 

We may add that the long sought opposite of parthenogenesis, 
androgenesis, the development into an organism of a single male 
cell, has now been realised by this means. For if, conversely, 
the uninjured sperm cell is allowed to enter an ovum injured by 
X-rays, there results a being with only the qualities of the father. 
In this case the nucleus of the ovum dies. But it supplies the 
necessary protoplasm, for the sperm cell cannot develop on its 
own account owing to the absence of this material. 

From these experiments we may draw a very strange conclusion. 
If an ovum is able to produce a complete creature on its own 
account, and if the same is also true in principle for the sperm 
cell, it follows that, in the case of normal fertilisation, two lines 
of development which would otherwise be divided, are united to 
form a single one, or in other w’ords, that two (presumptive) 
individuals become one. This view is now further confirmed in 
the most curious manner by some recent experiments in the field 
of developmental mechanics, a branch of experimental biology 
founded by W. Roux, which has set itself the task of investigating 
the causes of the processes which take place during the formation 
of a higher organism. One of the first and most famous experi- 

ments we may mention, is that by Driesch.^*® He divided the 
germ developing from a sea-urchin egg at the twin cell stage, that 
is, after the commencement of the first division, into tw’o single 
cells (blastomeres) by careful tying, and then allow'ed them to 
develop further without interference. The result w’as tw^o com- 
plete larvae, but of half the normal size. The experiment was 
also successful with the four cell stage, and even at the eight ceU 
stage the development of a complete larva could be observed in 
its beginnings. 

The extension of these experiments to other varieties of animal 
resulted very quickly in the discovery of a bewildering number 
of new facts. In many cases the process was the same as in 
Driesch's experiment, but in other cases, for example medusae. 
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the two divided cells gave only half-individuals. In other cases 
again, to which, as after appeared, the sea-urchin belonged, the 
beginning of the development took place as if the part-cells were 
going to remain part, but a process of completion, then oc- 
curred which was obviously analogous to the process of regenera- 
tion well known in other cases; the final result was a complete 
individual. But it must be expressly stated that this result by 
no means always occurred when complete individuals arise by 
‘merogony’ (development from part-cells), but that in certain 
cases, for example medusa and lancet fish, the development of a 
part -cell is exactly like that of a normal cell from the very begin- 
ning.*®® The opposite of these experiments in division is seen 
in an experiment by Zur Strassen, who succeeded in fusing two 
eggs together so completely that they remained together and 
produced an individual of twice the normal size. 

WTiat do these experiments teach us ? First of all, obviously, 
they show quite generally that the developing embryo has, in 
most cases, the power of taking several different lines of develop- 
ment. The decision as to whether one of the two part cells in 
Driesch’s experiment is to give a whole or a half embryo is brought 
about by a complex of causes, which, as regards this one cell, are 
external to it. If it remains alone, it becomes a whole embryo, 
if it remains together with the other cell, it becomes half an 
embrj'^o. 

All the possibilities of development lying in a cell or cell com- 
plex are called their ‘developmental potencies,' but this is not to 
be understood as the introduction of an occult quality, but simply 
as an expression of the undoubted fact just stated, that a cell is 
in general capable of becoming more than it usually does become. 
Secondly, all these experiments illustrate the power of the 
organism to re-establish its form under all circumstances, its 
‘integrative pow’er’; a power possessed to some extent by every 
part of a living organism. It is as though every single cell carried 
within itself a plan of the whole to which it normally belongs. 
This at least appears to be so in cases where the parts develop 
straight into a complete whole. Later on, the phenomena of 
regeneration will afford us convincing proofs of the presence of 
this tendency to wholeness, but we will first glance shortly over 
the history of the matter, as it is essential to a proper understand- 
ing of the present position. 
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In past centuries, as a rule, no objection was raised to the 
assumption that living beings had arisen from lifeless material; 
e.g. gnats and frogs in swamps, and maggots in cheese. Even so 
deep a thinker as Aristotle unhesitatingly took this view, which 
appears grotesque to us to-day. It was the experiments of 
Pasteur, described above, which finally disposed of this primitive 
form of the doctrine of spontaneous generation {generatio 
aequivoca). Hence it was a considerable step in advance when, 
in the eighteenth century, Swammerdam, Spallanzi, Leeuwenhoek 
and others, defended, at least for the higher animals, the doctrine 
of omne vivum ex vivo, although they believed that their view 
had to be combined with what was called the ‘preformation* or 
‘evolution* theory. They assumed namely, and believed that 
they had proved by direct observation, that the future organism 
was already present in miniature form in the germ cells (ova or 
spermatozoa), and hence only needed to be ‘unfolded.* The 
defenders of this doctrine developed among themselves, after the 
discovery of the male spermatozoa by Leeuwenhoek, a bitter 
controversy as to whether the future being existed in the egg or 
in the ‘seminal animal* (ovists and animalculists). Pictures of 
that period show a complete little human being, ‘rolled up* in the 
head of a spermatozoon. Serious investigators even asserted 
that they had observed this. 

Some even went further to the absurdity of the so-called 
emboitement theory, (Malebranche, Bonnet) which asserted that 
in every miniature human being, the countless spermatozoa of 
the future man must be contained, in these again those of the 
next generation, and so on, ‘right back to Adam' (Eve, in the 
case of the ovists). The whole hfe work of a distinguished in- 
vestigator was necessary to destroy this nonsensical idea. Kaspar 
Friedrich Wolf carried the doctrine of epigenesis (new formation) 
to victory; the germ (the fertilised egg) is not yet organised. 
Organisation first results through the ‘vessels and bubbles* which 
Bjv formed, one after another, from the egg, and this organisation 
simply consists in the simultaneous presence of these parts, which 
are arranged according to a certain plan. The parts are as little 
organised in themselves as are lumps of inorganic material. 

There is no need to show that this doctrine, too, is entirely 
erroneous in this form, for although it is certain that the fertilised 
ovum does not contain the future organism in miniature, it is 
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equally certain that it is by no means unorganised, but rather 
that, as we have already seen above on page 316, it must be just 
as finely differentiated as the future organism itself. The egg 
of a frog is just as different from that of a hen as a frog is different 
from a fowl (Nageli), since, as already remarked, not only the 
specific character, but also the individual character, is inherited. 
It is quite certain that all the differences that living beings, even 
of the same species, show among themselves, let alone the differ- 
ences between different species, must also be defined in some way 
or another in the germ cells. 

But this does not by any means make it necessary to assume, 
in the simple manner of the old evolutionists, that these differ- 
ences already exist in a finished form in the germ cell. There 
need only be as many differences, but these have to do with quite 
other matters in the egg than in the adult individual. The matter 
is ob\’iously analogous to the curve traced by the needle on the 
gramophone record. This curve must, if the record is a good 
one, contain every shade of the spoken sounds, but of course not 
in the forms of sound, but in a geometrical form. 

There is no need to lay further stress on the fact that the formal 
notions of the old evolutionists and epigeneticists have been quite 
given up in modem biology, but we may still speak of a certain 
divergence of view, inasmuch as some scientists are inclined to 
underline those arguments which are in favour of absolute pre- 
formation in the germ cell, in particular the facts of heredity, 
while others, basing their view on the above described experi- 
ments in developmental mechanics, emphasise the variability of 
organic material, which is capable of a large number of 
possibilities, when the corresponding conditions are given. This 
dispute is often linked to-day with that between mechanism and 
vitalism. Mechanism will always be allied with preformation and 
vitalism with epigenesis, for the former wishes to stress strict 
causal connexion, and the latter the relative freedom of the 
organic world from physical determinism. We will now see what 
new experimental facts promise to help us in penetrating further 
into this secret. 

We may first consider the phenomena of regeneration, which 
are among the oldest experimental results of biological investiga- 
tion. This is easy to explain, as regeneration effects are very 
striking (for example the well-known case of the lizard's tail), 



THE DETERMINATION PROBLEM 343 

and have been used from the earliest times in cultivating plants 
(grafting, etc.). The first result of the numerous investigations 
carried out by recent biological experimenters in this field,*®* 
has been to confirm completely the result of general experience; 
namely that the power of regeneration decreases the higher we 
rise in the organic scale. 

Hence young individuals regenerate more easily than older 
ones, and, generally speaking, lower animals more easily than 
higher, although in the case of plants a corresponding rule is not 
so easily recognisable. In this case we find, even with the higher 
plants, a quite surprising capacity for regeneration. Thus, for 
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example begonia leaves may be cut into pieces of almost unlimited 
smallness, and yet all will regenerate a complete plant, the only 
condition being that the fragment carries cells from both sides of 
the leaf. In the animal kingdom, a fabulous power of regenera- 
tion is possessed by, among others, planarians, which Morgan 
showed to be capable of reproducing the complete animal from 
all of seventy-two parts into which a single individual was cut. 
And we should take especial note of the fact that a similarly 
remarkable power of regeneration is even possessed by many 
unicellular animals (see figure 54). 

It is of particular importance to note that regeneration by no 
means occurs only by a certain tissue forming new' cells of the 
same kind, but that there are many very well investigated cases 
in which the regenerated tissue is furnished by cells which belong 
to entirely different organs, and have even hetn separated very 
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early in the course of development from the cells of the organs 
regenerated. 

The most famous case of this kind is the regeneration of the 
eye lens of the newt. The eye grows during embryonic develop- 
ment from two quite different parts, one of which, the optic cup, 
originates in the brain and provides the future retina, choroid, 
sclerotic, and iris; while the other, which sinks from the skin into 
the optic cup, provides the cornea, the lens and the vitreous 
humour (figure 55). When the lens of the eye of a salamander is 
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removed, it is not regenerated from the cells of the epidermis, to 
which it belongs as regcirds its origin, but from the iris, that is from 
a tissue which was already completely differentiated at a very 
early stage of embryonic development. 

This behaviour is found to an even greater degree in certain 
regeneration processes in earth worms, in which parts, originally 
formed from two different embryonic tissues, endoderm and 
ectoderm, are regenerated from cell layers which only belong to 
one of the two. In such results, the whole shows a mastery over 
the single parts which seems to point unmistakably to the exist- 
ence of ‘dominants' or ‘entelechies’ which regulate everything. 
And nevertheless - how hazardous it would appear to make such a 
.supposition, which is nothing more than a refuge of ignorance. 
For if the lens is not entirely removed, but merely pushed into the 
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crystalline fluid, the edge of the iris nevertheless forms a new 
lens, and if this is injured at several points, two or more new 
lenses are formed (figure 56); that is, an entirely useless result. 
Indeed, it has been shown quite recently that in certain circum- 
stances, a lens may be ‘regenerated’ at quite another position in 
the eye, although the original lens is working quite correctly in 
its original position.®*® 

In other cases too, useless regeneration has often been observed. 
For example, by a slight alteration in the treatment of wounds, 
animals and plants may be caused to produce structures as useless 
as a second head (figure 57), or the like. Even in the case of the 
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famous earth-worm, the decapitated head grows a second head 
in place of a tail, when the cut is suitably performed. These 
results again give the impression of a blind causahty, which has 
nothing to do with the pursuit of a definite aim, but merely 
operates as it must. 

As against these cases, which appear to make everj’ kind of 
teleology ridiculous, there stand not only the above mentioned 
cases of regeneration from totally different tissue, but even a 
large number of cases in which the new formation can only come 
about by a complete ‘fusion’ of the surrounding tissue, and often 
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of large parts of the whole body, before regeneration can 
commence. 

Driesch, who cites a large number of experiments in his 
Philosophy of the Orgayiism, has made them the especial founda- 
tion of his proof of the autonomy of life, that is, of vitalism. In 
actual fact, a process of this kind so obviously gives the impres- 
sion of purposive behaviour, that one can scarcely escape from 
it. It is ob\dously analogous to the processes which take place 
in the pupa stage of higher insects, where, likewise, a great part 
of the cell material of the caterpillar is, so to speak, melted down, 
afterwards to be used in the formation of the imago or complete 
insect. In this case also, one almost seems to be able to watch 
entelechy at work. 

But before we come to a decision let us consider some further 
facts. A second group of experiments deals with the influence on 
the process of development of all kinds of external factors , such as 
temperature, chemicals, etc. The experiments of Klebs®^* on 
the barren privet (Sempervivum tectorum) are particularly 
famous; this plant sends, from a thick rosette of leaves, a fairly 
long stem carrj^ing an umbelliferous flower at the top. By 
changing external conditions, Klebs was able to produce at will 
remarkably varied forms, for example, plants having several 
rosettes of leaves, one above the other, others with several stems, 
and he was able to show that certain substances passing up and 
down with the sap, caused the production of the new formations 
at the points in question. 

Numerous experiments have also shown that the local varieties 
of many plants are also due to similar sets of causes, and the same 
is true of what is called ‘seasonal polymorphism,' to which we 
shall return in another connexion later. In Klebs’ experiment 
as well as in other experiments of the kind, it was further found 
that the action of external factors upon the developing cell 
material was not always possible, but that there are certain 
'sensitive periods’ in which an influence of this kind takes place 
preferentially, or even solely. In the case of butterflies, the 
pupa stage is particularly sensitive, whereas the fully grown 
caterpillar can hardly be influenced. The total result of these 
experiments is a new and impressive confirmation of the law of the 
'pluripotence* of by far the great majority of cells and groups of 
cells; they are capable of becoming a great deal more than they 
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become under normal circumstances, and the selection among 
all the possibilities is made by external circumstances. 

This leads us immediately to the third and most important 
set of experiments in developmental mechanics, namely, trans- 
plantation and implantation experiments, which have carried us 
farthest into the secret of the process of development.*®® The 
rule that external circumstances make the decision as between 
the various developmental possibilities, is not only true in respect 
of such external factors as temperature, irradiation and the like, 
but also, as we have already said, as regards the role played by 
each part of a developing organism towards the other parts. For 
the one part-cell of Driesch’s experiment, the other forms the 
decisive, ‘extemar circumstance. Its presence causes the first 
to become half a sea-urchin, whereas it would become a whole one 
if the other cell were not present. The problem was presented of 
showing how, by what means, and according to what laws, this 
'determination' of individual developing parts by other parts 
takes place, and in this direction, the latest research has brought 
quite surprising results, which go so deep that we may already 
say to-day, that we are on the way to a complete solution of the 
problem, though it is far from being actually solved. 

We may mention a few of the most interesting and important 
experiments, due chiefly to Spemann and his school, and to 
Ubisch, Braus and others. For example, if the eye sockets of a 
grass frog {Rana fusca) are destroyed before the formation of the 
lens which sinks into it, the formation of the lens does not take 
place, and in this case we therefore have a dependent differentia- 
tion, which is regulated in some way or another by the cells of the 
eye socket. If, on the other hand, the same experiment is per- 
formed with the closely related edible frog, [Rana esculenta) we 
have eye formation in spite of the missing eye socket, this being 
self-differentiation. In other words, the cells in question are 
already so far fixed as regards their developmental power, that 
a change in their normal surroundings no longer makes any 
difference. 

A quite analogous result was obtained from numerous trans- 
plantation experiments which were carried out mostly on newts. 
If we take from the body of a young animal that group of cells, 
which later on becomes the tail, and replant them at the point 
where the leg usually grows, they actually become a leg and not 
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a tail. But if the same experiment is carried out later, when 
the group of cells in question has already been attached to the 
tciil end of the body for a longer time, they form a tail and not a 
leg when transplanted in the same way. The longer period in 
the normal position has, therefore obviously already determined 
them to the point of being able to carry on their development only 
in the normal direction.*** If further, a leg stump was trans- 
ferred to the other side ‘round by the back’ that is, in such a way 
that front and back remained front and back, but above and 
below were interchanged, there appeared in the new position a 
correctly placed leg (not that of the other side), and the surround- 
ings were therefore able to reverse the change from above to 
below. If however the transplantation was made ‘round by 
the mouth’ at the same age, that is to say that above and below 
were unchanged, but back and front interchanged, the new leg 
grew the wrong way round (that is to say forwards), and hence 
this change could not be reversed by the new surroundings. 

These experiments are already extremely instructive, since 
they strikingly illustrate the complete obedience of these pheno- 
mena to fixed laws, but they are excelled by the very latest series 
of experiments, which also come from this Spemann school. It 
was first shown that the fixation of the single parts of an embryo 
occurs the earlier, the nearer these parts are to the blastopore, 
that is, to the point at which the gastrula in vagina tes. At a 
stage at which those parts nearer to it were no longer capable of 
being influenced when transplanted by their new surroundings, 
those more distant were still capable of change, and as time goes 
on, the limit of this pluripotence still existing moves away from 
the blastopore. Spemann drew the conclusion that the centre 
of organisation must lie in the latter. 

This bold hypothesis receives a further and most important 
support by an experiment performed by H. Mangold. She 
transplanted a piece of gastrula into another quite indifferent 
tissue, namely into that which later becomes the wall of the 
stomach, and obtained at this point what appears at first sight 
to be an astounding formation, namely an entirely new embryo, 
which however was not made only out of the transplanted cells, 
but to by far the greatest extent out of the cells of the animal host, 
which cells were now completely redetermined. 

The reader may ask how one is to know the difference between 
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the two kinds of cells. The answer is that transplantation experi- 
ments of this kind are carried out by taking the cell group in 
question from another species, naturally one closely related, but 
one which can be clearly distinguished, by colour for example. 
We are then able to tell at once to which of the two animals the 
cells in question belong. Formations of this kind are called by 
the general name of ‘chimaeras,’ and many other very curious 
experiments have been carried out on the formation of chimaeras 
which we will pass over here, as they would not lead us very much 
further.*®’ 

Let us remain by the transplantations. The Mangold experi- 
ment which we have described above proves that the cells of the 
blastopore actually possess the power of compelling other groups 
of cells surroimding them to produce the form in question (that 
of the guest animal). Particular note should be made of the 
fact that a corresponding experiment made later by another 
investigator, Bautzmann, even succeeded in the transplantation 
of a piece of the blastopore of a toad into newt tissues, in the case 
of two animals therefore, belonging to the two entirely separate 
groups of newts, urodeles and anurans. Further experiments of 
a similar kind have shown that in certain cases, even cells of one 
of the germ layers (the ectoderm) are able to serve for structures 
which are normally furnished by the endoderm. 

We are thus directly confronted with the fundamental ques- 
tion of biology; we are almost able, so to speak, to lay our hands 
upon it. It is an assured fact that an org2mising effect on neigh- 
bouring groups of cells is exercised by the blastopore, and later 
again by the individual parts, such as the eye sockets, and it is also 
certain that this effect spreads like a current, as it were, outwards 
from the centre in question. It is clear that these facts strongly 
suggest the hypothesis that we are dealing in the case of these 
organisers with quite definite substances which spread out from 
the centre in question. 

However, a whole series of objections immediately arise to this 
mechanistic view. How are we to imagine that the cells of the 
eye socket produce substances which cause other cells to form 
lenses, since these cells themselves do not produce lenses, but 
sockets ? Why does not this lens-determining agency act first 
of all upon itself ? And how, further, are we to explain the fact 
that such an organiser is able to produce a highly complicated 
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structure, such for example as a nervous system ? The mechanist 
of to-day has no answer to these questions, and hence the funda- 
mental question still remains undecided. It is certainly true 
that these results, taken together, represent a strong argument in 
favour of mechanism. For if the *entelechies' behave in so many 
respects as if they ^^ ere certain substances spreading out from a 
point, we are naturally inclined to expect that they really are 
such substances, or something very much like them. 

We add to these experiments a few more which have also made 
an essential contribution to the determination problem. Carrel 
and others have succeeded in keeping alive tissue cultures outside 
the living organism for an unlimited time;**® that is to say, in 
growing such tissues as nerve or kidney or connective tissue in 
nutrient broth, so that they divide normally, and form a whole 
colony of cells. It was then found, as a rule, that these emanci- 
pated cell cultures acquired distinctly different properties from 
those which they exhibited in the living organism, where they are 
associated with other groups of cells. They very frequently 
develop into so-called amoeboid cells, that is, they become 
independent and swim about freely like an amoeba in the culture 
medium, in an analogous manner to the w'hite blood corpuscles, 
which swim about freely in the blood, and, according to 
Mechnikov, perform the function of capturing intruding bacteria 
and rendering them harmless. 

It is probable that malignant tumours (cancer and sarcoma), 
depend upon a similar degeneration of otherwise harmless body 
cells, which suddenly refuse obedience to the control of the body 
as a w^hole. The exact reasons for this are not yet completely 
knowm, but it has been found, amongst other things, that in 
cancer tissue, normal breathing (oxidation) is replaced by fermen- 
tation-like processes, with exclusion of oxygen. According to 
this, the enzyme composition of the cancer cells must certainly be 
distinctly different from that of normal cells. These investiga- 
tions have, however, not yet led to a final result, which is to be 
regretted in the interest of suffering humanity.*®® 

The investigations last mentioned have already taken us away 
from the field of the actual problem of the determination of form, 
of the causes effective in embryonic development. They never- 
theless thrown some light upon this problem, for they have again 
demonstrated impressively the mutual interaction of all cells of 
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the body and the conditioning of structure one by another. This 
correlation of all parts of the organism with one another continues 
of course in the adult individual, and we must now consider shortly 
the experimental results, which led to further light on this point. 

In the case of the lower multicellular organisms, and of plants 
in general, there appears to exist a connexion between all the 
individual cells by means of direct connective threads between the 
plasm of neighbouring cells, as has already been stated (page 321) . 
It is certain that, at least in numerous cases, contact and other 
stimuli are transmitted along these connecting paths. The 
well known Mimosa pudica is an example of the fact that some- 
thing can occur even in the higher plants, which bears a strong 
external resemblance to the conduction of stimulus in the nerves 
of the higher animals, although it is produced on an entirely 
different anatomical basis. The nerves themselves are, funda- 
mentally, nothing more than such connecting threads from 
cell to cell, only in this case we have cells which have special- 
ised in this conduction of stimulus and have given up other 
functions. The nervous system of the higher animals renders 
possible extremely rapid communication between the single 
parts, the speed of communication in the human nerves being 
about 100 feet per second. The actual nature of the process is 
still not yet quite understood,®*® but so much is certain, that here 
also the miceUar structure of the fibres, and the electro-chemical 
processes taking place between the individual micelles, play a 
decisive part. 

Alongside this direct protoplasmic connexion, there certainly 
exists in the case of aU higher animals, and very probably in 
plants, another kind of communication between the different 
parts, namely, transmission by chemical influences. 

At one point substances are formed which, when carried b\’ 
the sap or blood, as the case may be, to another point, exert 
specific effects there. These substances are called hormones 
(liiim Greek hormao, I stimulate) or internal secretions. Their 
discovery in plants is of very recent date and is still doubted on 
some sides. In the case of animals, on the other hand, 
numerous relations of this kind have been proved with complete 
certainty.®" We need only refer to the results of the removal 
or hypertrophy of the thyroid or thymus glands, to the import- 
ance of the pineal gland (in the brain), to the regulation of blood 
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pressure by adrenalin (the eftective substance in the secretion 
of the suprarenal cells); one or other of these examples will be 
known to everyone. 

The most striking proofs are given by the physiology of the 
organs of reproduction, and we may give a few of these in order 
to illustrate the far reaching importance of these investigations. 
If a substance obtainable from dog-embryo shortly before birth 
is injected into a bitch, which is not and never has been pregnant, 
its lacteal glands swell and finally 5deld milk. Steinach removed 
the sex glands (ovaries or testicles) from rats and guinea-pigs, 
and planted in the animals thus neutralised, the sex glands of the 
opposite sex. The result was a complete transformation of the 
animals so treated, a feminisation of the former male, and a 
masculinisation of the female. There was not onty a change in 
aU external, so called secondary sexual characters (colour, form, 
size, growth of hair, etc.); the animal underwent a complete 
psychical change, the masculinised animals being savage, aggres- 
sive, jealous of one another and attracted by the normal female. 
In the case of animals operated upon when young enough, there 
was even a partial transformation of the external organs. 

In later experiments by Steinach, Lipschiitz, Sand, and others, 
which were also in part extended to human beings, numerous 
equally remarkable results of this kind were obtained as regards 
the formation of hybrids, homo-sexuality, etc., and some of these 
have already been made use of in medicine. There can hardly be 
any doubt that these effects throughout the body are caused by 
substances produced by the sex glands, for it was possible to show' 
in many cases, that not only the transplanted organs themselves, 
but an extract from them alone, was sufficient to produce the 
effects. 

It has frequently been observed that internal secretions of this 
kind act in pairs as antagonists, that is for example, the secretion 
of one gland wall raise the blood pre.ssure, while that of another 
will reduce it. In the same way, according to Steinach, male 
and female sex glands are so antagonistic that when planted 
together in the same organism they hinder one another by their 
secretion. While Steinach and his first disciples believed they 
had found in the sex glands the fundamental centre of these 
actions, very remarkable recent investigations (Zondeck and 
others) have shown that the sex glands thenrselves are again 
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regulated by hormones which originate in the hypophysis, a small 
gland lying at the lower side of the brain. This discovery is 
already being used in medicine for diagnosis (pregnancy), and 
therapy. 

It is not unnatural to suppose that the hypophysis is not the 
last centre, but that it again is regulated by other secretions; 
and this leads us almost necessarily to the idea that a definite 
centre does not really exist, but rather that the whole is an 
extremely complicated chemical arrangement in very accurate 
adjustment in which every part depends upon every other part.^^^ 
The few results hitherto obtained only give us a feeble conception 
of the enormous complexity which exists in the interplay of 
internal secretions in higher animals. 

New and unlimited possibilities are opened up for medicine; 
every new advance in genuine insight promises to supply us with 
valuable new methods of treating disease, or to place things long 
known and practised empirically upon a firm foundation of 
genuine scientific knowledge. The ancient doctrines of so-called 
humoral pathology are certainly not pure fancy, but have as a 
real basis the fact that the whole internal chemical cycle may be 
very different in different individuals, and that we may be able 
to distinguish certain types which, in some way or another, hang 
together with the bodily and mental types (see also below). 
But there is still nothing known with any certainty about this 
matter, and it will probably be a long time before any clear results 
are reached in this field of research into personal constitution.**® 

If we now combine the recently acquired know^ledge concerning 
the decisive r 61 e played by the hormones in the body with what 
we learned above concerning the problem of determination, we 
shall obviously incline to the hypothesis, that, the development 
of the embryo and the determination of one cell by others, must 
also be due to substances hke hormones, which transmit these 
effects. The experiments which we have already discussed above 
on artificial parthenogenesis, strengthen this supposition, for 
they also point to its being due to certain ‘developmental hor- 
mones,' which are brought by the sperm nucleus into the ovum, 
but are capable of being replaced by other stimulants, such as 
those produced in the Bataillon experiment by the prick of the 
needle. Numerous other experiments render it veiy^ probable 
that such ‘wound hormones' exist, even in the case of plants 
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(Haberlandt), and they also appear to play an important part 
in such cases as the regeneration of the lens (see above). It 
would however be obviously mistaken to declare adherence to a 
panhor monism, that is to say, to ascribe anything and everything 
to the effect of such internal secretions. Other means of correla- 
tion between the different cells and groups of cells certainly exist, 
means perhaps quite different from the three hitherto discussed. 

The last sentence is not a vague supposition, but assumes a 
quite definite content from quite new and very astonishing data 
afforded by the experiments of a Russian, Gurvich.*** Gurvich 
found that cells when dividing exert a quite specific action at a 
distance on neighbouring cells, division in these (irradiated) ceUs 
being excited or accelerated. For example, he counted the 
number of cell divisions which took place on a root while growing, 
one side of it being exposed to this mitogenetic (mitosis = cell 
division) influence, the other not, and he thus found a decided 
increase in the divisions on the irradiated side. 

These statements were at first received quite generally with 
great scepticism, but they have later been fully confirmed, and 
other investigators found that the rays in question could be 
detected by other objects such, for example as yeast cultures, 
and even inorganic .structures, namely systems which form what 
are called ‘Liesegang rings,’ the latter means of course promising 
more certain results. If the cells undergoing division are brought 
on to an object-glass above a metal plate provided with a slit, 
under which there is an arrangement for producing Liesegang 
rings, the latter are interrupted in a characteristic manner at the 
slit (Stempell). 

Hence there can no longer be any doubt of the existence of 
such an influence. We may even assert with great probability 
that it is due to ultra-violet radiation of a definite wave length, 
A < 260 fi/i; some Russian experimenters found the most powerful 
action between A = 206 and 220 Ihe direct action of 

living objects upon the photographic plate**® which has often 
been asserted but always disputed, is probably to be explained 
in this way. Indeed, it is imaginable that radiation of this kind, 
hitherto unnoticed, accompanies all, or at any rate a good many, 
chemical processes, and not only biochemical processes. The 
phenomena of ‘chemiluminescence’ was hitherto know'n only in 
the case of certain chemical processes, to which also belong the 
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processes taking place in luminiferous organisms (luminous 
bacteria, 'phosphorescence* in the sea, glow worms, etc.) These 
discoveries open up a new field for investigation. 

We have reached the conclusion of our short survey of recent 
investigations into the problem of determination and matters 
connected with it. The amount of work that has been done is 
enormous. If the reader will take the trouble to look through 
any volume of, for example, the Journal of Experimental 
Zoology or Biological Abstracts, he, like the author of this book, 
will be filled with admiration of the industry and skill, the 
ingenuity and fruitful imagination of the investigators who have 
shown a way in this field. And nevertheless we are obliged 
finally to admit that what we really wish to know is not told us 
even by these series of experiments. In spite of the genius with 
which they have been thought and carried out, they do not yet 
afford any definite means of deciding the fundamental question 
of biology, that of mechanism versus vitalism. 

It is doubtless true that physico-chemical explanations have 
been found, or seem Ukely to be found, for a very great deal that 
appeared to be inexpUcable even 30 years ago. Mechanism is 
everywhere making victorious progress in the field of life phe- 
nomena. But in this field the same is happening as in the case 
of the problem of the single cell. The more progress we make 
in solving mechanistically the riddle of the organism's functions 
as they now exist, the greater becomes the riddle of the original 
production of so extremely complicated a mechanism. Further- 
more, we find crass instances in which any mechanistic explana- 
tion seems hopeless. When an organism, injured in some way, 
proceeds, instead of simply repairing the damage in a way which 
might be explained mechanistically by means of hormones and 
the like, to first 'melt down* the whole adjacent parts, and then 
begin development again from the beginning, so to speak - for this 
is actually the case in numerous instances - every mechanical 
explanation seems finally ridiculous. We shall return to this 
fundamental question later. 

We may, however, raise one or two other philosophical ques- 
tions which naturally occur at this point. The first concerns the 
idea of the ‘individual.’ Consider the earth-worm which has 
been divided for a regeneration experiment. At the moment 
after the division (which, by the way, only results in a complete 
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regeneration of both parts in quite closely defined circumstances), 
we have unquestionably two half earth-worms, for one part has 
no forepart, the other no hind part. When both parts have 
regenerated what is missing, we have again two ‘whole’ earth- 
worms. At what moment did half a worm become a whole one ? 

To state this question is to see that it has no sense in it. But 
what is the reason for our arriving at so senseless a question ? 
The answer is this: that we have tied ourselves to a concept ~ the 
concept of the individual, the indivisible whole - which is not 
applicable in such cases. It is also clear that in the case of cell 
conjugation, or the fusion of ova (see above), which form the 
opposite case to such divisions, the concept of the individual 
requires a similar extension. 

But when we have once grasped this point, the further con- 
clusion is not far off, that we must not in any case regard the 
organic individual as an absolute unit divided from all others, 
but as a wave, more or less well defined, on the great stream of 
organic happening, for which also, it is not possible to give an 
exactly determined beginning and end-point. This latter con- 
sequence in particular will appear strange to many who are accus- 
tomed, in accordance with our usual language and with our ruling 
ideas, to regard life and death as absolute contraries. But no 
analysis of concepts will help us to avoid recognising that such 
absolute limits and opposites do not really exist, but that in this 
point also the rule: natura non facit saltum, holds good. 

The fact that, in the first place, an initial point cannot be 
strictly defined, but that it is a matter of agreement whether we 
reckon from the moment of birth (which, as we know, is some- 
times a day in length), or the ‘moment’ of cell conjugation (ferti- 
lisation), or another point of time, becomes quite clear when we 
take into consideration the numerous cases of parthenogenesis, in 
which everything takes place simply in a continuous process. 
Take, for example, Bataillon’s artificial parthenogenetic frogs. 
The vitalist will be the last one to maintain that the experimenter 
breathes life into the eggs when he pricks them with a needle; 
he will, of course, be convinced that the dormant life was simply 
awakened. Very weD, but then, in the case of normal fertilisation 
of the frog’s egg, the fertilisation cannot have been responsible for 
the beginning of a new life. What then are we to say about it ? 
The egg comes from the mother’s ovary, it was originally there as 
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a living cell, which itself resulted from other living cells by divi- 
sion. The same is also true of the sperm cell. In short, which- 
ever way we look at the matter, it is easily seen that every attempt 
to define unambiguously the beginning of individual life is met 
with hundreds of contrary facts. 

These considerations lead us to very noteworthy results when we 
once more turn our attention to the divided sea-urchin’s egg. 
The experimenter here obviously made one individual into two by 
his interference, and it is worthy of note that nature herself 
performs this trick (if we may call it so) in many cases on her own 
account. On the one hand, namely, there are certain species of 
animals, e.g. armadillos among the vertebrates, in which a single 
fertilised egg regularly provides several embryos by subsequent 
division, and on the other hand it happens even in human beings 
(and, indeed in the case of almost all mammals) that in special 
and exceptional cases, two embryos are formed from a single 
fertilised ovum. These cases are known as 'identical twins,* for, 
as everyone know’s, such twins are almost completely alike in 
every possible respect ; cases of this kind are of great importance 
for the science of heredity. The similarity goes so far that 
such twins have been known to die almost on the same day of the 
same disease, in spite of having lived entirely different lives. In 
any case, they are as a rule almost completely identical in all 
bodily and also mental characteristics. 

Alongside of these we also have twins which are no more alike 
than any other children of the same parents; they may also be of 
different sex. These obviously arise not from one, but from tw’o 
separate fertilised ova, which have separated from the ovary at 
the same moment, in an abnormal manner. They have no further 
interest for us at this point. The identical twins, on the other 
hand, are a highly instructive example of the insolubility of such 
academic questions as that of the true moment of commencement 
of a human life, as will be evident without further discussion. 

The second question, as to when life ceases, is equally insoluble 
- assuming that we do not confine our attention to partial phenom- 
ena, but take a general view. There is no doubt that an individual 
life, both in the case of a unicellular and of a multicellular organism, 
can be destroyed in so short a time, for example by crushing or 
burning, that we are able to speak of a 'moment* of death. But 
it is equally unquestionable that in very many cases it is simply 
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impossible to define this moment. In the case of unicellular 
organisms when they divide to form two new' individuals, we have 
an equal right to say that the mother individual is dead or that it 
lives on undiminished in its children, and in the case of multi- 
cellular organisms there are enough forms of death in which 
the process is completely continuous, and no one can find a 
definite moment of death unless he is absolutely determined to 
do so. 

This is even true of human beings, although the higher the de- 
gree of organisation, the more inevitably, doubtless, does death 
assume the character of a sudden and general catastrophe. When, 
for example, a human being is drowned, and the heart-beat and 
breathing have ceased, it is possible in certain cases, as is well 
known, to ' call them back to life ' by artificial respiration and 
other means. Are we then to say, in order to insist upon a limit 
w'hich no observation is capable of determining, that the person 
in question cannot therefore have been dead ? But supposing 
he had been left alone, and the arts of restoration had not been 
applied, what new' event would have suddenly taken place ? To 
say that this sudden event must have happened unbeknown, is too 
easy a w'ay of getting out of the difficulty, it is simply a hypothesis 
ad hoc. 

We know' perfectly weU wffiat happens wffien nothing is done 
to the person drow'ned. That which has already begun simply 
proceeds further, more and more changes take place, and when 
these become too great in extent, no later efforts are sufficient to 
make the machine w'ork. 

Matters are very similar at the termination of many diseases, 
or in such cases as when an injection of camphor is used in a 
dangerous crisis to stimulate the heart wffiich is ceasing to beat ; 
the complete breakdown of the organism, otherw^ise inevitable, 
being thus prevented. This view received the best possible sup- 
jx>rt from the experiments, such as those of Winterstein, w'ho suc- 
ceeded in reawakening to life animals killed by freezing three hours 
after all signs of life had ceased, by irrigating the heart with salt 
solution containing some adrenalin.*^® 

We may therefore say quite generally, that, the stage in which 
successful ‘restoration to life' is ix)ssible, is a purely relative ques- 
tion. It is merely a question of the state of medical science at the 
moment, and our posterity will be able to do many things which 
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we regard as impossible to-day, when we say with resignation: 
nothing can be done, he is already dead. 

Recent biological investigations have thrown a great deal of new 
light upon the problem of death in another respect also.*^’ The 
much contested doctrine of the (potential) immortality of the cell 
has been rendered very probable by the experiments of Woodruff 
and others on Paramecium. These experiments succeeded in 
keeping the protozoa in question alive for thousands of genera- 
tions, by continual renewal of the culture medium, with complete 
avoidance of cell conjugation, so that the assertion frequently 
made, that even a unicellular organism (or more correctly, a strain 
of unicellular organisms) will finally die of senile decay vdthout the 
rejuvenating effect of conjugation, can no longer be upheld. 
Indeed, if we accept the interpretation, which is not quite certain, 
of recent experiments by Hartmann, Goetsch, and others, this 
statement may even be extended to include certain multicellular 
organisms (planarians, fresh water polyps), for these authors 
succeeded in keeping such animals permanently alive and active 
by cutting away parts of them from time to time. The regeneration 
which resulted had the same rejuvenating effect as normal re- 
production. 

That multicellular organisms in general cannot escape death, 
is naturally not altered by these experiments. Although w’e have 
not hitherto been able clearly to understand why progress in the 
differentiation of cells into specialised functions must be paid for 
by final wearing out and degeneration of the system as a w^hole, 
so that only the germ cells remain to carry on life, w^e may still 
regard it as probable that a causal connexion exists between dif- 
ferentiation on the one hand and the probability of inward changes 
taking place which are not reversible and result by accumulation 
in death - quite apart from the fact that sensitivity to external 
conditions naturally increases with differentiation. The fact can 
also be understood from the point of view of the doctrine of selec- 
liun; mortal multicellular organisms would obviously have the 
advantage (regarded phylogenetically) over immortal, since each 
new generation would give them the chance to improve progress- 
ively their structure. The succession of generations has, as it 
were, a rejuvenating effect, and allows of continual new adapta- 
tions. 

But apart from this, the biological necessity of death is perfectly 



MATTER AND LIFE 


360 

obvious, and no new and mystical laws are needed to explain it. 
The totality of all inward and outward life activities presupposes 
an enormously complicated play of interlinked conditions, such 
that a perfect periodicity of phenomena is completely impossible. 
Irreversible processes are bound to reach a point, after a time, at 
which further functioning becomes impossible. This view has 
been notably supported by new experiments, which have shown 
that by suppressing flowering, for example, and other means, the 
life of plants can be considerably increased. Annual plants, which 
normally die at the latest in autumn, could thus be kept alive for 
three and a half years. Hence here also we are not dealing with 
a mj^sterious law of the duration of life, but simply with the com- 
bined effect of numerous causes, which can each be varied singly. 
It is therefore possible to change the whole sequence within 
certain limits, w’hich themselves are determined by other partial 
conditions. 

The numerous determinations of the normal length of life of 
certain animals and plants, and the more definite relations which 
exist betw’een the length of life and the period of development, 
are therefore not to be regarded as an expression of direct and 
simple causal relationships, but simply as, so to speak, statistical 
data concerning the average period in which death occurs under 
normal conditions. It is perfectly imaginable, and is sufficiently 
confirmed by the well known experiments of Steinach.*^® often 
unjustly ridiculed, that sooner or later we shall be able to increase 
the average length of life, in the case of both animals and man, 
by suitable interference with the normal course of events. 

In practice such an attempt soon reaches its limit in face of the 
complete impossibility of ever grasping, even approximately, the 
enormous complication of the conditions. But here as in other 
cases, it is quite wrong to make the theoretically unimaginable out 
of the practically impossible. The fact that every living thing 
dies sooner or later is not the consequence of a special and mysteri- 
ous law^ founded in metaphysics, but simply a fact of experience, 
the explanation of which is to be sought in the combined action 
of numerous other single facts of experience which are either 
knowTi or remain to be discovered. 

When w^e consider all this, we might be inclined to regard the 
'organic individual' merely as a subsidiary concept serving the 
ends of thought-economy, and to say that, in reality, w^hat we call 
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by this name is only a wave on the stream of events, without a 
definite beginning or end, forming a unit for our abstract thinking, 
in truth an incredibly comphcated aggregate of thousands 
and thousands of things and processes. We shall see later to 
what extent such radical relativism overshoots the mark, but for 
the moment we will turn to a problem which we have hitherto 
only touched upon, that of heredity. 



IV 


THE PROBLEM OF HEREDITY 

This problem, on account of its great importance, also in con- 
nexion with later considerations, deserves special discussion. 
The study of inheritance has developed in recent times into a 
special branch of science,*^* and we will first glance over the most 
important groups of facts, and then discuss shortly the theories 
of inheritance. 

According to Weismann's doctrine, now fairly generally ac- 
cepted, those cells which are later to become the parent cells of the 
germ cell, separate at the beginning of embryonic development. 
They form what Weismann calls the ' germ path/ leading 
directly from generation to generation, while the body cells or 
soma are only, as it were, budded off from them every time, just 
as new plants arise from time to time from a root lying in the earth. 
The usual view, illustrated by the diagram of figure 58, according 
to which the germ cells are products of the body, the latter being 
the product of the germ cells of the previous generation, is there- 
fore false as regards the first half of it. The germ cells of the living 
generation are not the product of the body in which they are embedded, 
but the direct product of the germ cells of the previous generation, the 
latter germ cells having also produced the soma cells of the living 
generation. The diagram of figure 59 represents this more 
correct view. 

In spite of the attacks and denials to which Weismann's doctrine 
of the continuity of the germ plasm has been subjected it has 
remained victorious, esp)ecially since the isolated path of develop- 
ment of the germ cells has been directly followed by what is called 
‘cell lineage' research. It is of fundamental importance for our 
whole view of heredity and also of numerous sociological and even 
political questions, that we should be clear about this new and 
revolutionary discovery which we owe to Weismann . But we may 
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remark, that in the case of the higher plants, the separation be- 
tween germ path and soma is less sharply defined, since plants have 
cell groups of embryonic character, which therefore must be 
regarded essentially as germ cells, not only in their actual organs 
of reproduction, but all over them, in what are called the vegeta- 
tion points. But these embryonic cells in plants are also quite 
distinctly separate from the other (and already differentiated) 
soma cells. 

We must now describe the formation of the germ cells, and shaU 
deal with animals, since in these relationship is clearest.*®® The 
organs of generation of the higher animals do not contain the germ 
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cells ready made, these are formed within the organs as required 
(hence, generally speaking, only at certain periods) from the 
'primordial germ ccUs,' which form a part of the tissue of the ovar- 
ies or testicles. The formation of the actual germ cells from 
the parent cells is a special process, which takes place always more 
or less in the same manner, but with many detailed variations.*** 
The essential point in the process is that, in two successive cell 
divisions of the parent cell (which are called the first and second 
maiuraiion divisions), the number of chromosomes in the original 
cell is reduced to half (see page 336) . The chromosomes, the special 
function of w^hich in cell division has been shortly discussed above, 
first collect in pecuhar groups of four, and then separate twice in 
succession from one another fairly rapidly, in which process, 
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rormation and Fertilisation of Ovum 



Fig. 60 

however, they only once divide longitudinally in the usual manner 
while on the other occasion, one half of the chromosomes simply 
enter one of the daughter cells, and the other half the other. 
This is called the 'reduction division,* and is usually the second, 
but on occasion the order is reversed. 
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The lower part of figure 60 gives a diagram of these events in 
connection with a sperm cell. The formation of the ova (upper 
part, No. 1-3) takes place fundamentally in the same way, but in 
both divisions the whole of the cytoplasm always remains in only 
one of the daughter cells, so that of the four cells produced three 
are without cytoplasm. These three degenerate, and are expelled. 
It is particularly characteristic of the causal character even of 
biological processes, that the second division takes place in the 
case of those cells produced by the first division containing no 
cytoplasm, and hence condemned to death, and this even happens 
after the main cell has been fertilised (figure 60, 5-9). This divis- 
ion has not the slightest use, but takes place, as it were, from 
habit; but that is by the way. 

The later union of a sperm cell with an ovum (fertilisation: 
figure 60, 4-9) results in a cell having again the full number of 
chromosomes. The human body cells have, for example, 48 
chromosomes, the germ cells only half this number (see however 
below) and the same is true in all other cases that have been 
investigated. The only exception occurs in the case of natural 
parthenogenesis, where the reduction division does not occur, 
so that the daughter cell receives the full number of chromosomes. 
What happens in the case of artificial parthenogenesis in still not 
properly understood. 

From the point of view of evolution, the beha^^our of the higher 
organisms can be traced back to the simpler relationships shown 
by the lowest living organisms such, as for instance, green algae and 
mycetozoa. Here a male and a female cell adhere, with the pro- 
duction of a zygote (united cell) possessing double the number of 
chromosomes. In this cell the chromosomes then arrange them- 
selves together two by two, and in two quickly succeeding steps, 
there is division into four daughter cells, which then again exhibit 
the haploid stage (with the normal number of chromosomes). 
From this low stage we can imagine the higher stages being 
developed, the ‘diploid’ stage being no longer confined to a single 
cell, but extended to several cells, which then form the multi- 
cellular organisms. 

To-day it is quite certain that these chromosome phenomena 
are all closely related to the processes of heredity. In order to 
understand this, we must first shortly review a second complex 
of facts, those of recent investigations of hybridism, which form 
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the core of the whole science of heredity. This was founded by the 
Augustine abbot Gregor Mendel of Biiinn, in 1865. His witings, 
which now have long been reckoned among the classics of science, 
received little attention in his own day. The time was not ripe 
for them, and the work appeared in a small and little known 
periodical, the communications of a local scientific society. Only 
when MendeVs results were rediscovered about 1905 by the bio- 
logists, De Vries, Tschermak, and Correns, did Mendel attain well 
deserved fame, unfortunately too late. 

A hybrid is a product of the sexual union of two individual plants or 
animals belonging to different races or varieties, as a rule; but sometimes 
to different species, genera, and in a few rare cases, even to different 
families. Generally speaking, hybrids of widely separated nature as 
regards the parents are sterile. In a few cases it was supposed that a 
constant inheritance of the hybrid qualities had been proved, but we 
shall return to this point later. For the present we shall deal with the 
simpler cases of the mixture of species or races differing from one another 
in only a few characteristics. 

Mendel said quite correctly that it is here that investigation must 
commence, and he also saw clearly that the first requirement of all exact 
research in this field must be the punty of the initial stocks. Experiment 
is therefore only possible with any hope of success in the case of such species 
of plants and animals as pass on their characteristics, or at least the 
characteristic to be investigated, such as the colour of the flower or the 
like, with perfect constancy, each on its own account. He chose plants 
(peas) for his experiment, because these are easier to obtain in large 
quantities and to manage, than animals. It has however been shown that 
the laws which he found and which have been named after him are also 
true for ammals. The best introduction to an understanding of these 
laws IS obtained by studying, not Mendel's peas, but a case investigated 
later, namely, the Japanese Mirabtlis jalapa. 

This flower blooms in two varieties, a red and a white, which are 
otherwise exactly alike (figure 61). If the two are crossed, that is 
to say, if the pistil of one flower is fertilised with the pollen of the 
other we obtain a 'first filial generation,' which has a pink 

colour; it forms a so called intermediate hybrid. 

If this generation is fertilised within itself, we get a second 
filial generation Fj, in which one quarter of the plants are red, one 
quarter white, and one half are again pink. The first two remain, 
when bred pure among themselves, constant, and hence have 
simply thrown back to the parent forms Pr Pw. The other two 

* The parents are designated by P, and the subsequent generations by r |, etc. 
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quarters divide up in the following generation (Fj), in the same 
manner as Fj, ^ /4 + ^ /a + ^ /4 and hence have exactly the same inter- 
mediate character as generation F^. A similar formation of inter- 
mediate hybrids is known in the case of many other characteris- 
tics such as size and form of leaf, etc. 

A second case, however, is more frequent: the formation of hy- 
brids with ‘dominant’ characters (one-sided hybrids). If we use 
for the above experiment a red and a white pea, all the individuals 
of the first generation F^ are red, the white is completely sup- 
pressed (‘recessive’ character), and the red is dominant. But this 



Fig. 61 

Simple Mendelian division in Mirabilts jalapa 


suppression is only apparent. Further in-breeding leads to the 
appearance, exactly as before, of one quarter of white plants, the 
other three quarters being all red, though not in exactly the same 
manner. Only one quarter namely, is pure red and remains so on 
further in-breeding, the tw’o others are, like Fj, only red by domin- 
ance, and hence, as in the case of Fj, again give one-quarter of 
white plants in the next generation. 

In other words, the position is the same as in the first example 
excepting for the fact that individuals which are actually hybrids 
are exactly, or almost exactly like one of the parents (closer in- 
vestigation often discloses small differences). Apart from these 
two cases, a third is kno\^, the hybrid being neither intermediate 
nor one-sided, but {assessing characteristics different from those 
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of either parent (mainly throw-backs to genetic forms). We will 
leave these aside. We can sum up the facts described in three 
rules. 

1. WTien two different pure races are crossed all hybrids have 
like qualities, (law of the uniformity of hybrids). 

2. As a rule one of the two differing characteristics dominates 
over the other (law of dominance), 

3. On in-breeding the hybrid generation, the second generation 
breaks up in the portion: 1:2:1 (rule of'division). 

We have now to add to these rules an important fourth rule, 
namel)', the so-called rule of independence. It relates to hybrids 
which differ in more than one character (so-called di- tri-. . . . 
polyhybrids), and is as follows: 

4. In the case of polyhybrid crosses, the various characteristics 
'mendelise* independently of one another (independence rule). 
The meaning of this rule must first be made clear by a simple 
example. We will assume that we have a variety of pea which 
gives yellow and smooth seeds, and cross it with one that gives 
green and wTinkled seed. Experiment then show’s that the third 
generation produces also peas with yellow and wrinkled seeds, and 
others with green and smooth seeds. The numerical results (see 
below’) prove that the division has taken place in the i + 2 + i 
quarters for both characteristics independently of one another 

We will proceed to explain this curious rule, which Mendel 
himself already saw quite correctly, and w^e will consider first the 
simplest case of the monohybrid of the Mirabilis jalapa. The 
pink hybrid here results from the union of a 'red' with a 'white' 
germ cell (these are of course not themselves coloured in this way, 
but contain the quality in question) . When we now get in the third 
generation pure w’hite and pure red flowers, the only explanation 
can be, that the germ cells of the hybrid plants do not contain charac- 
teristics mixed as do the body cells, but only either one or the other 
characteristic. These characteristics must therefore be separated 
in the formation of the germ cells. 

If one half of all the germ cells of all the hybrids contain red, 
and the other half white, there are four possible combinations for 
the third generation namely, RR, RW, WR, WW, if we indicate 
the character derived from the male by the first letter and that 
derived from the female by the second letter. Since all four 
combinations are equally probable, we get ^ U ^ ^ 1 % ^ ^ U ^ 
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experiment shows. We will now write this result in the usual 
formulae of the science of heredity, or as it is called, genetics. 
The characteristics which correspond to one another (homologous 
characteristics), are designated by large and small letters, for 
example, the red colour of the flower by A, the white by a. 
The hybrid then has the formula Aa, but its germ cells are only 
either A or a and we have: 


Germ cell 

F2 Red Pink White 

In this way of expressing the matter, we can also easily indicate 
that one characteristic dominates over another (pea type). We 
then write A>a. 

A di-hybrid cross, in which for example, A represents the green, 
a the yellow colour of the seed, and B the wrinkled, b the smooth 
skin of the latter, and A > a, B > b, may be expressed according to 
the following scheme. 

Parents: green (A) wrinkled (B) — yellow (a) smooth (b) 

Hybrid generation: AaBb {somatic cells) 

Germ cells of the latter: AB, Ab, aB, ab. 

Possible combinations: 



AB 

Ab 

aB 

ab 

AB 

AABB 

AABb 

AaBB 

AaBb 

Ab 

AABb 

AAbb 

AaBb 

Aabb 

aB 

AaBB 

AaBb 

aaBB 

aaBb 

ab 

AaBb 

Aabb 

aaBb 

aabb 


This gives, as we see, nine different combinations altogether, 
but on account of dominance, these only lead to four different 
types. For all of those are green and wrinkled which contain the 
factor A and B once at least, that is to say AABB, AABb, AaBB, 
AaBb, or nine of the sixteen members of the scheme; while all 
those will be green and smooth, which contain A at least once, but 
never B, that is AAbb, Aabb, or three members of the table: those 
will be yellow and wrinkled which contain B at least once but no A, 
Aas 
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that is aaBB, aaBb, hence again three members; and finally, those 
will be yellow and smooth which contain aabb. We thus get a 
division into •/« + Vi.+ Vu + Vi.: and this in fact is what is regu- 
larly observed in such a case. The still more complicated relation- 
ships in the case of a trihybrid (where we have division into 64ths) 
we leave to the reader to work out. Since all consequences have 
hitherto been confirmed by experiment and since some apparent 
exceptions later proved to be the best possible confirmations of 
the rule, we may regard Mendel's law as one of the best attested 
results of science. Mendel's 'hypothesis of the purity of the 
gametes' (germ cells), is quite generally accepted to-day. 

We may also remark that specimens containing mixed inherit- 
ance in respect of one of the characteristics are called 'hetero- 
zygote' with regard to this factor, while those which have received 
the same factor from both parents are called 'homozygote.' Of the 
nine possible combinations in our scheme above, the four diagonal 
members from the left below to right above (AaBb,) are hetero- 
zygote in regard to both factors, while the four diagonal members 
from top left to bottom right (AABB, AAbb, aaBB, aabb) are 
homozygote in relation to both factors, the remainder are homo- 
zygote with regard to one factor and heterozygote in regard to the 
other. The parents themselves are naturally also to be regarded 
as compounded according to this furmula, since they are exactly 
like the homozygotes AABB, aabb; and this means that we must 
assume every individual not a hybrid to contain every inheritance 
factor twice over (homozygote), but only once in the germ cell. 
In the row of our scheme, therefore, we ought not reaUy to desig- 
nate the parents with AB and ab respectively, but with the for- 
mulae AABB and aabb. We now see that the Mendelian com- 
bination has given us two new pure races in the third generation, 
AAbb, aaBB, which we did not possess before. These will con- 
tinue to transmit their characteristics unaltered so long as they 
are not again crossed. 

An immediate test of the correctness of these theories can be 
made by backward crossing. If the hybrid Aa is crossed with the 
parent AA we get the following combination: 

Germ cells of the hybrid 
A or a 

pxissibilities : Aa or AA. 


of the parent 
Only A 
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that is 50% of the pure parent form or the hybrid form. Experi- 
ment proves the correctness of this conclusion. Since in the whole 
of the animal and vegetable kingdom the rule holds that the two 
sexes are produced in almost equal numbers, it was early supposed 
that sex itself might be such a Mendelian character, in regard to 
which one sex would then be heterozygote, and the other homo- 
zygote. The objection was however made to this supposition, that 
the proportion of the sexes often varies greatly from equahty, and 
even when normally equal, may be greatly disturbed by external in- 
fluences. We shall see immediately that the hypothesis is, never- 
theless, true in all probability, while the apparent exceptions are 
susceptible of another explanation, and become a remarkable 
confirmation of the hypothesis. 

We now come to the explanation of the Mendelian rules by means 
of the chromosome theory. The ‘hypothesis’ of the purity of the 
gametes may itself be regarded as one of the most certain in all 
science. Without it, the whole body of Mendelian research, which 
has become a large branch of science on its own account, would be 
as incomprehensible as chemistry without the atomic theory. 
This is not quite the case with the explanation we are about to 
give of the distribution of the inheritance factors in the germ cells, 
derived from the theory of cells (cytology). 

The supposition was expressed quite early on that this division 
was in some way connected with the reduction to half the number of 
chromosomes in the process of genetic division. If we imagine, in 
an homozygote individual every inheritance factor, which is pres- 
ent in duplicate (AA), localised in a pair of related chromosomes, 
then the germ cell, since it receives only one quarter of the pair, 
would obviously contain the factor in question only once. But 
if the individual is heterozygote, that is contains in its body cells 
the combination Aa, and if the factor A is present in one chromo- 
some and the factor a in its partner, the reduction division will 
supply one half of the germ cells with chromosomes containing A, 
and the other with chromosomes containing a. 

Almost all further facts of genetics since discovered tell in favour 
of this hypothesis. First of all, very careful anatomical inves- 
tigations with the highest magnifications have shown that the 
chromosomes of a normal diploid individual do really belong 
together in pairs. To-day we are actually able in many cases to 
in^vidualise the single pair. Figure 62 shows the chromosome 
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set of a human being as figured by the Japanese workers Oguma 
and Kihara. The hypothesis of Mendelian inheritance of sex has 
been particularly confirmed by the fact that, as a rule, the two sexes 
differ in respect of a pair of chromosomes. Either (this is the rule) 
one sex - generally the female - contains the so-called X-chro- 
mosome double, the other sex only single; or the other sex has, 
instead of the second X-chromosome, a differently shaped Y- 
chromosome. 

In the case of man, to which example we shall keep for the pre- 
sent, the first is the case, that is to say, all cells of the female body 
have two X-chromosomes each, and all ova one only. On the 
other hand, all male body cells have only one X-chromosome, 
that is 47 instead of 48 chromosomes, and the male germ cells 

•if •*••••**•• 

Fig. 62 

Set of chromosomes of a man according to Oguma and Kihara. 

(From Fetschcr, Erbbiohgie und Eugenik, O Salle, Berlin) 

(spermatozoa) have either an X-chromosome, that is 24 chromo- 
somes, or are without an X, having thus only 23 chromosomes. 
If one of the latter kind fertilises an ovum, the result is a male 
24 23=47); if ^ sperm cell with 24 chromosomes fertilises an ovum 

the result is a female child. The small excess of male births 
over female is obviously to be referred to secondary effects. We 
have to suppose that the ‘male determining' spermatozoon (that 
is, the one without an X-chromosome) has some kind of small 
advantage as regards the others in its movements towards the 
ovum. 

Experiments on plants and animals have shown that this sub- 
sidiary hypothesis is not a mere evasion, but is justifiable and even 
necessary. It was shoum that by arbitrary changes in the second- 
ary conditions, the ratio of the sexes could be changed within wide 
limits. Some well-known experiments were performed by Correns 
on the Campion {Melyandrum), a so-called ‘dioecious* plant, that 
la one the individuals of which are uni.sexual. There are many 
more male than female examples of this plant, as one can see on 
any meadow in spring. As Correns was able to show, this depends 
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upon the fact that the male-determining pollen cells move some- 
what more quickly through the stylus than the female-determin- 
ing. For if he cut the style off early, the buds only contained 
seeds which produced male plants. The longer he waited with 
the operation, the greater was the number of female seeds. The 
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Arrangement of genes in chromosomes of the fruit-fly 
Drosophila (Morgan) 

investigation of the chromosome number gave the expected 
result.*®* 

A further proof of the truth of this theory of inheritance of sex 
is to be found in the facts of what is called ‘sex-hnked’ inheritance. 
In order to understand this, we must first consider what we call 
‘coupling of factors.’ 
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The fourth Mendelian rule given above, the rule of independ- 
ence, is not unlimited in application. On the contrary, it appears 
that certain inheritance factors mendelise more frequently to- 
gether than would be expected from the rule of independence. 
This phenomenon is called the coupling of factors) a measure for the 
degree of this coupling is given by the departure from the normal 
numerical relations. The hypothesis at once suggests itself that 
such factors are to be regarded as localised in a single chromosome, 
but as, on the other hand, there are very many more independent 
groups of Mendelian characters than chromosomes, this law is not 
reversible. That is to say, all factors lying in the same chromo- 
some are not coupled, and we are obliged to make the further 
assumption that the chromosomes themselves consist of certain 
sub-units, each of which (called a 'chromomere') contain a coupled 
character group, which can however be exchanged independently 
of one another (hypothesis of crossing over). 

Further investigations, however, which would take us too far 
to describe, led Morgan to conclude that the individual inheritance 
factors or 'genes,* as they are generally called, are arranged on a 
single line in these chromomeres, and this bold hypothesis has also 
been confirmed by recent investigations in a most surprising 
manner.*®^ \^^e reproduce without further explanation the 
diagram, which Morgan gives of the chromosomes of the banana 
fly [Drosophila) which is the classical object for inheritance ex- 
periments (figure 63). 

In this connection, the phenomena of sex-linked inheritance 
are to be explained as follows. If a disease, such for example as 
bleeding or red-green blindness, is only transmitted through the 
female sex, and always only to sons, we must suppose the in- 
heritance factor in question (shown by black colour in figure 64) 
to be contained in the X-chromosome, and further, that it is reces- 
sive as compared with the corresponding health factor. If a man 
has the disease in question, it means that he has a diseased 
X-chromosome. One half of his germ cells then contain this dis- 
eased chromosome, the other half containing no X-chromosome 
and hence no disposition to disease. If he marries a healthy 
homozygote woman, his sons inherit their single X-chromosomes 
only from the mother and hence are all of them healthy. His 
daughters, on the other hand, which have one of their X-chromo- 
somes from the father and the other from the mother possess 
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a diseased and a healthy chromosome alongside one another. 
Since the latter is dominant to the former they are all apparently 
healthy, but transmit their disposition to disease through one 
half of their germ cells, which, when they meet with a male deter- 
mining germ cell (without an X-chromosome), therefore give 
diseased sons, while the daughters again are recessively healthy. 

The annexed genealogical tree (figure 64) shows the state of 
affairs in four successive generations of such a family (we also 
show the case of the marriage of a woman carrying the disease. 



healthy 


healthy X-chromosome 
X diseased X-chromosome 
man 

(J womanj 

^ man 1 , , 

^ V diseased 

^ womanj 

(A woman with latent ten- 
* dency to disease, pheno- 
typically healthy 


Pedigree of a family with sex-linked inheritance of a recessive tendency 
to (hsease (haemophilia). (From Fetscher, Erbbiologie und Eugentk) 


with a diseased man, which the reader may follow out for him- 
self). 

This tree shows an exact correspondence with actual observed 
cases. 

We have attempted to show in this way how the new science of 
genetics is serving our knowledge of human, and naturally also of 
animal and plant, diseases. It is not too much to say that it has 
rcTidered comprehensible for the first time numerous hitherto 
entirely mysterious facts of pathology, which have become com- 
pletely clear at a single blow, whereas in former times they offered 
a complete riddle. 

We must however refrain from going further into these very 
interesting matters,*®® and proceed to discuss the question as to 
how far we are dealing in modem genetics with assured know- 
ledge, with more or less well founded hypotheses, or with purely 
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temporary working hypotheses,**® and what consequences follow 
from these results as regards our fundamental biological question. 
Their much wider consequences for human physiology, ethics 
etc., will be discussed in another connection. 

We may first say a word or two concerning the range of validity 
of the Mendelian laws. The controversy as to whether there are 
other forms of inheritance than the Mendelian has been long and 
bitter. On the one hand, cases were brought forward which ap- 
peared to contradict the law of division, and thus showed a more 
or less constant inheritance of hybrid characters ; on the other 
hand the attempt has repeatedly been made to prove inheritance 
Wa the cell protoplasm {cytoplasm) as well as via the chromo- 
somes. As regards the latter, it now appears from later experi- 
ments of Wettstein, which space forbids us to discuss here,**’ 
that in many cases there is certainly an inheritance of parental 
qualities via the cytoplasm, and not only via the cell nucleus 
fWettstein investigated leaf-moss). 

The extent of this mode of inheritance is still under discussion. 
We can however hardly go wrong in ascribing little importance to 
it, especially as regards higher organisms.*** It is already 
certain to-day that far the greater number of characters investi- 
gated in animals and plants show Mendelian inheritance, and 
therefore are conditioned by the nucleus. We should also point 
out especially that the same is true a fortiori for human beings, 
and, as far as investigations have been made, this has been con- 
hrmed. Naturally the difficulties of genetics in the production of 
assured results as regards human beings are greater, since experi- 
ments cannot be made. But the statistical method gives us a 
whole series of very useful results,*** and we may safely regard it as 
proved, that far the great majority of characters of mankind that 
can be defined, are inherited in exactly the same Mendelian manner 
as in the case of animals and plants. 

This is also true for mental quaUties, though these are, naturally, 
less easy to define exactly. We have, however, very trustworthy 
statistics as regards musical and other gifts, which are more 
easily and plainly distinguished from the mental constitution as 
a whole, and these statistics show without question that the 
Mf ndelian laws also hold for such mental qualities. The fact 
that many other mental and spiritual powers, such as intelli- 
gence or will powers, are much less easy to define quantitatively, 
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is no reason for the purely dogmatic assertion that these qualities 
do not obey the laws of inheritance. Although we have no 
direct proof of the affirmative, we have still less proof of the 
negative, and all analogy is in favour of it. 

We now come to the second of the two points mentioned above: 
the question as to whether there are not hybrids which show 
constant inheritance of the hybrid qualities, such for example as 
have been beheved to be shown in mulatto populations. In order 
to understand the solution of this riddle, we may look once again 
at the scheme of di-hybrid crossing on page 369. We easily see 
from this that even in the third generation the cases of pure 
homozygote combinations are relatively very rare, they each only 
occur once (AABB, AAbb, aaBB, aabb), while the partially homo- 
zygote, partially heterozygote cases occur each twice, and the 
completely heterozygote case (AaBb) even occurs four times. As 
it is easy to prove by figures, this is the truer, the more pairs of 
characters differ. In the case of a pair of parents having, say, 
twenty different pairs of characters, the number of complete 
homozygotes in the third generation is only (J)*®, an almost un- 
imaginably small fraction, and far the greatest numbers are 
found for those combinations in which most qualities are hetero- 
zygote. 

What is therefore the result of such populations as arise, say, 
from marriages between negros and whites, which are certainly 
different from one another by not merely twenty, but hundreds of 
inheritance factors ? In the third generation (assuming that the 
mulattos resulting in the second generation marry one another) 
there will be only a few individuals almost completely homozygote 
in all qualities, with \ ery rarely a specimen having almost all the 
qualities of the white or almost all the qualities of the negro. Far 
and away the greatest number are partly homozygote, partly and 
mostly heterozygote, and will therefore show on the average a 
middle type with the qualities of the original races in a mixture, 
which on close inspection will always show varying composition, 
but on the whole will give the impression of a mixture of negro and 
white. This gives the impression of constant inheritance of the 
'hybrid race’ (the expression itself is a contradiction, for a hybrid 
is never a ‘race’). 

Careful statistical investigations recently made on various 
sides regarding such mixed populations, particularly the famous 
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investigations of Eugen Fischer on the Rehoboth hybrids have 
fully confirmed these explanations of modem genetics. Certain 
cases from animals, such as the well known hare-rabbit cross, and 
the Meisenheimer butterfly hybrids,*®® are not quite so clear. 
Difficulties are increased by a circumstance which we have 
hitherto neglected, but which plays a part in all Mendelian ex- 
periments. The exiernally visible qualities of an individual are not 
inherited as such. What is inherited is the aptitude for producing 
the quality in question under certain external conditions. Now an 
external quality of the kind may very well be the product of the 
joint effect of several inheritance units or genes. If in such cases 
a Mendehan experiment is made, we get relations which appear 
at first sight to depart completely from the rule; we do not have 
simple Mendelian numbers; the third generation may in some 
cases produce quite new individuals, with qualities departing from 
those of both parties and the parents. 

For example, by crossing white mice with ordinary grey mice, 
you get in the third generation, besides white and grey mice, com- 
pletely black individuals. The numbers which appear here 
prove, however, quite definitely that we are dealing in the case 
of the parents with a higher hybrid than was apparent; (in the 
example given we have a dihybrid, instead of a monohybrid for 
exactly one sixteenth of the animals are completely black. The 
grey colouring of the mouse dep)ends upon two factors and not 
upon one). We can therefore say quite generally that an ex- 
ternal character does not tell us at once whether it depends upon 
one inheritance factor or several; for homomery, that is the pro- 
duction of a single character by several inheritance factors, is 
estabhshed without doubt in many cases. 

This easily leads to another p>ossibility of apparently constant 
hybrid inheritance. If, for instance, the difference between the 
colour of a negro and a white is homomeric ~ and this appears to 
be the case - then for this reason alone the pure homozygote 
individuals will be vciy^ rare in the progeny, since we are deahng 
with a polyhybrid cross; the great majority will consist again of 
partly homozygote, partly heterozygote individuals, which will 
ronsequently take up a middle position, this being, in the case in 
question, a middle skin colour (in so far as dominance does not 
shift the average in one direction or the other). In spite of this, 
pure white or pure black individuals will also appear here and 
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there, and this is exactly what we find where such a population 
has been examined. 

We now see how extremely difficult it is to exclude this ex- 
planation where apparently constant inheritance of hybrid charac- 
ters takes place. Very extensive hybridisations with thousands of 
individuals are necessary in order to arrive at certain results. In 
the whole of Mendelian research, the simple numerical relation- 
ships only appear in reality according to the laws of statistical 
probability; in other words, here as everywhere the law of large 
numbers holds, and the theoretical values given by probability 
calculations are verified the more closely, the greater the number 
of cases investigated. In order to obtain a simple monohybrid 
scheme fairly exactly, it is necessary to count at least a few 
himdred cases. If in the nature of things (for example too small a 
number of progeny or too high a price of the individuals in 
question) these figures cannot be reached, it is necessary to 
manage as best one can with more troublesome and less certain 
methods, which we cannot deal with here.**^* 

A whole branch of science has arisen on this matter, which is 
indispensable, particularly as regards the application of genetics 
to human beings, where experiment is not possible. Matters are 
the same here as in all other sciences, even the inorganic: we must 
be glad if we succeed in establishing the principle of the matter in 
simpler and more obvious cases, and be satisfied, as regards the 
more complicated cases where our mathematical powers or prac- 
tical experimental means fail us (see above), if we are able to show 
fairly plausibly that these more complicated cases can be referred 
fundamentally to the simpler ones. It is no more likely that we 
shall ever completely clear up the complicated inheritance of 
human beings, than that we shall ever settle the exact structure of 
the higher elements from protons or electrons, or the Milky Way 
from stars. We may, however, be able to see that the more com- 
plicated problem differs from the simpler one only as regards its 
complication. 

The total result of this discussion is therefore that non-MendcU 
ian inheritance (apart from the cases of inheritance via the cj^o- 
plasm, which we are not considering) has never been proved in any 
case beyond doubt. But should this ever be done, as in the case of 
cytoplasmic inheritance, there is not the slightest reason for 
speaking of a total failure of all previous genetic research or the 
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like, which has already happened several times as regards such in- 
vestigation. There is no permissible doubt that Mendelism deter- 
mines the matter in the widest possible sense, and the whole of our 
animal and plant breeding to-day, with its previously quite unex- 
pected successes, is a further proof of the fact that there is truth 
in these notions. In the case of animal or plant species, the gen- 
etic units of which are more or less known, such as, for example, 
rabbits or banana flies, a new race can be 'ordered like a pair of 
shoes.' 

That we are still at the beginning of things, and have still an 
infinite amount to do, is evident in so young a science: genetics is 
not more than 25 years old. It is also self-evident that such far 
reaching hjqx)theses as that of Morgan’s of the linear arrangements 
of the genes in the chromosomes even calculates their 

distances from one another ~ cannot be regarded for the present 
as any more than useful working hypotheses. A final decision 
can only be arrived at after long and laborious research. 

This need not prevent us from thinking out such hypotheses 
and it would be entirely wTong to dismiss them from the start 
as being too mechanical. There is no doubt that the Morgan 
hypothesis is mechanistic, but so is the whole Mendelian doctrine, 
although its originator was an Augustinian abbot. There is some- 
thing depressing, particularly as regards humanity and human 
family relationship, in realising clearly that the purely chance 
play of Mendelian genetic units in the meeting of sperm cell and 
o\aim, or previously during ovarian cell division, finally decides 
w hich of the qualities of the father and the mother are received 
by the child as its inheritance. But has not the experience of 
generations taught us this very fact that we cannot make our 
children as we would have them ? 

The religious person may perhaps answer that we have hitherto 
believed, and were able to believe, that it was the will of a wise 
Providence w^hich gave us a particular child. The answer is that 
there is so much else in life which is pure chance in exactly the 
same sense, and hence equally destructive of religion, unless the 
latter is able to deal with the whole matter in quite a different 
w ay. The fact that the production of children depends on chances 
beyond our control is really not decisive, for the same applies to 
our nationality, position in life, and hundreds of other things. 
For a religious person, nothing of this is chance, and not a sparrow 
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shall fall from Heaven without God's will. All is divine dis- 
pensation, the great as well as the small, both what concerns us 
closely and what does not matter to us. 

The mistake is once again that of the religious person who so 
often wishes to take certain definite things and events and give 
them a providential character of quite a special kind; who wishes 
to reserve for God, in the whole of creation, a few private comers, 
into which no rational knowledge can peer. Attempts of this kind 
have always led to failure and to fresh attacks upon religion it- 
self; we make no progress by following this road. The insight 
which we owe to the modern science of heredity is not more or 
less theistical or atheistical than all other scientific knowledge. 
The whole of science shows us humanity caught in the wheels of 
laws, pitiless if we will, which are none the less implacable be- 
cause they are statistical laws, that is laws of chance. According 
to what we have said earlier, perhaps their statistical nature is 
quite fundamental. 

How religious belief can, and ought to, deal with the recogni- 
tion of this fact, is another story. In any case, not by allowing 
95% of determinism in the world, and keeping 5% for the miracle 
of a special Providence, but only by recognising in the whole con- 
trivance a higher Will, to w’hich it can and will submit itself with 
faith and trust. WTiether w^e are dealing with the law’s of falling 
bodies, the electrodynamics of the thunderstorm, the MendeUan 
rules, or anything else, we must no longer attempt to except this 
or that from the common method of interpretation because it 
touches us particularly closely. 

Let us take a further glance at the controversy betw’een me- 
chanism and vitalism from this point of view'. It is undeniable 
that mechanism obtains a very pow’erful ally in the whole of 
Mendelism, particularly if it should be found possible to show 
that the genes are, as many genetic theorists already assume, 
nothing more than certain substances analogous to enzymes. It 
then becomes very tempting to connect them with the develop- 
ment hormones of Spemann (see above), all the more as it has 
been found possible quite recently to show the probability of a 
quantitative arrangement of Mendelian genes. Goldschmidt’s 
famous investigations concerning the intersexuality of certain 
species of butterflies, w^hich we unfortunately cannot describe for 
want of space, render this quantitative view of the genes very 
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plausible; at any rate, this view gives the simplest interpretation 
of the experimental results. 

We are far from putting these doctrines forward as proved. 
Here again, for the present we are only dealing with a useful work- 
ing hypothesis. We must however, clearly recognise that me- 
chanism is gaining ground steadily in this way also in genetics, 
while the vitalists, here as so often before, have to play the thank- 
less part of repeatedly pointing out the gaps and contradictions 
that still remain. Although this is not a very stimulating 
spectacle, we ought, in order to be fair, not to leave the subject 
without pointing out a few of these unsolved problems. 

According to the doctrine of chromosomes, the genes are sup- 
posed to enter into all body cells (and the fact that they do this 
appears to be proved by the phenomena of regeneration described 
above, according to which all body cells contain all potentialities 
of development, the latter being the genes). But why then does 
the red colour of the blossom, for example, contained in one species 
of M irabilis, develop only in the flower and not in the remaining 
cells of the plant ? How are the cells differentiated when they 
all contain hke inherited characteristics ? 

Again, Mendelism can be tested by its very nature only on 
crosses between races, that is to say, when there are not very 
great differences between the two parents. But there are a few 
cases of hybrids between different species, even genera and fami- 
lies. These are unfortunately almost always sterile, so that Men- 
dehan experiments cannot be done with them. Even if this were 
possible it would still be difficult to decide whether we were deal- 
ing with true constancy of the hybrid, or with an apparent con- 
stancy resulting from the homomery of the characters. Hence 
it is quite an open question whether specific and genetic charac- 
ters are subject to the Mendelian scheme, or whether these may 
not be carried by the cytoplasm according to quite different laws, 
or in quite a different way.*** 

It has been pointed out on several sides*** that all this leads to 
the necessity for a whole new branch of science alongside genetics, 
which would have the task of finding out in what way, by what 
means, and according to what laws, the Mendelian genes are trans- 
formed into the actual characters as they appear. We have al- 
ready said that it is not the character as such, but the disposition 
to it that is inherited. But how this change from a disposition 



THE PROBLEM OF HEREDITY 383 

to a character takes place is a problem, and without its solution 
the whole idea of Mendelism remains a torso. 

A further objection, which is often raised in popular discussions 
against the genetic science of to-day, may be mentioned here if 
only to show how untenable it is. This is the supposed experience 
of breeders, that female animals when once crossed by a male of 
impure race, will never again produce pure progeny. This belief 
in what is called telegony (action of a conception at a distance in 
time), is actually so ingrained, that dog, horse, and other breeders 
separate animals to which this misfortune has occurred from their 
stock as no longer first rate, and the buyers of pedigree animals 
usually demand an assurance that it has not happened. 

A critical and historical investigation, which is reported by 
Goldschmidt in his book on genetics, resulted in showing that 
the belief is derived from a supposed experience of the kind which 
an English horse breeder had with a true Arabian mare. The 
mare had been once covered by a zebra stallion, but produced 
later on, from a genuine Arab stallion, foals which were partly 
striped. Investigation has shown that the progenitors of the mare 
in question, or the second stallion, had been partly of striped races, 
and the stripes which appeared in the offspring were much more 
simply explained as the appearance of hidden Mendelian charac- 
ters, than by the absurd hypothesis of telegony. All careful at- 
tempts to prove the result - and innumerable ones have been made 
“ have never given a shadow of a reason for believing the hypo- 
thesis to be correct. The common practice of the breeders is there- 
fore unjustified in its strictness, and the objection in question also. 

In all probability, the innumerable stories current among the 
people regarding the effect of certain things upon pregnant women 
and the child they are carrying, belong to the same category. If 
the child has any striking peculiarity such as red hair, a hare-lip, 
or the like, popular superstition searches for some event which 
may have occurred to the mother when pregnant, and the sight 
of which may have caused her to confer the quality upon the child. 
For example, the sight of a fire or a fox (coupled with a shock) , 
is supposed to have produced red hair or a red birth mark, the 
sight of a hare a hare-lip, etc. 

Certain vitalistic theories, to which we shall return later on, 
have taken up these popular ideas and coined a learned Greek 
word for them - ideoplastic, that is to say what has been imagined 
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or thought is supposed to have introduced a bodily impression 
on the growing child in a way as incomprehensible as that of the 
whole problem of body and soul.**® In reality, all such characters 
are decidedly inheritable, and their Mendehsm has been tested 
by numerous statistical investigations. There is thus not the 
slightest ground for making use of another explanation in this 
case, which is the common occurrence of the appearance of a Men- 
delian character hitherto recessive. We shall return to this later 
in connection with race hygiene, and hence shall not go further 
into the matter here. 

Strictly speaking, we should now take, as directly associated 
with the science of inheritance, that of the variability of organisms 
in general, and furthermore a discussion of their history, that is 
to say, the doctrine of evolution. We will how'ever, interrupt 
at this point our purely scientific description, and turn to the 
philosophical problems which w'e have perceived to be in the back- 
ground all through the preceding chapters, but have not yet dis- 
cussed, the most important of which is the problem of body and 
soul. Our discussion so far has principally turned about mech- 
anism and \italism. We may also describe this as the discussion 
concerning the idea of purpose or teleology in biology and wall 
now' view from this p>osition the w'hole standpoint of mechanism 
and vitalism. 



V 


CAUSALITY AND PURPOSE 

In the following discussion we shall regard physical causality, 
as it is generally regarded to-day, and in the sense of what we 
said on page 205, as holding strictly, and hence shall take no 
account of the present debate in physics concerning the results 
of the Heisenberg and other investigations. Our justification for 
this is that, at any rate in macroscopic dimensions, the unam- 
biguous course of events is guaranteed with such enormous prob- 
ability, that this probability may be regarded as equivalent to 
certainty. We naturally reserve to ourselves the right to come 
back in case of necessity to the question as to what consequences 
for biology would result from a doubt as to strict determinism in 
the field of physics. We shall have something to say about this 
later. 

This problem is without bearing on our discussion for the pre- 
sent for this reason, that even the vitalists have never yet denied 
the strict validity of physical determinism, and have not even 
denied that, if their doctrine were right, biological happenings 
would still obey strict (though super-physical) laws. For if 
for example, two apparently equal eggs placed under the same 
conditions of warmth, pressure etc. yet produce two somewhat 
different animals, no one will ever hesitate for a moment to con- 
clude that either the internal circumstances in the egg, or the 
external conditions, were after all not so exactly alike as they 
ay j cared to be. 

But the question as to what the circumstances are which make 
the difference is quite a different one. The principle of causality 
says nothing about this, and can say nothing about it, since it 
contains a purely formal condition. Every series of events in the 
real world which we observe as connected together of necessity, 
that is of law, we formulate into a law of nature. The principle 
only tells us that if once the circumstances A, B, C . . . always 
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carry with them the results X, Y, Z . . . that this is always the 
case under the same circumstances. But it can neither say 
how many and what categories of such circumstances and pheno- 
mena exist altogether, nor which of them are connected together 
individually. Otherwise the whole of physics and chemistry 
should be deducible from the simple principle of causality. 

It is thus clear that the principle of causality alone cannot help 
us to any a priori decision as to the self-determination of life, that 
is to say, cannot tell us whether real things exist which are in- 
capable of being described by physico-chemical methods alone. 
A comparison will best explain this. The whole system of plane 
geometrj’ being developed, we might try in vain to understand 
by its means the relationship of the elements of three-dimensional 
bodies, since in these a new dimension is added to the two exist- 
ing in a plane. Nevertheless, the stereometric rules do not in any 
way abolish the planimetric ; on the contrary, they comprehend 
them as special cases. 

Might not a similar thing be possible in the case of physics- 
chemistiy^ and biology ? Might not the laws of the latter include 
those of the former, and thus add a new dimension to the purely 
physical ? It is certain that no principle of causality in itself can 
give any decision. It is just a matter for direct experience. In- 
vestigation itself must finally yield it as a result. The principle 
of causality cannot be given as a decisive reason for mechanism 
against vitalism. 

I fully agree with E. Becher, who says that it is a mistake to 
believe that the introduction of vital factors makes biology 
inexact. The fact that biology is less exact than physics and 
chemistry depends, as he quite rightly states, not upon the intro- 
duction of particular vital factors, but upon the enormous com- 
plication of organic happening, and is not improved by mechanism 
nor made worse by vitalism, any more than physics is made 
worse by introducing new factors such as Faraday's fields of 
force, or electrons. The argument often put forw^ard on the 
mechanistic side, that vitalism is working with unscientific and 
mystical conceptions, because it refuses to reduce everything to 
physico-chemical forces and laws, is therefore beside the point 
in this connection. An ‘entelechy' need not be in itself any more 
mysterious than a physical ‘force.' 

It is merely a question of what science can actually do with 
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these concepts, that is to say whether it makes real progress in 
knowledge by using them, or whether they are in reality merely 
a refuge for ignorance -a bare name behind which the actual 
problem remains unsolved. We will now attempt to come to a 
final decision on this point. 

For this purpose we must try and present two points to our- 
selves with the greatest clearness. The first is, whether there 
are really facts of first rate importance, the explanation of which 
only appears possible by vitalism and in no other way. The 
second is this, as to how the relationship between the entelechies 
or dominants required by vitalistic doctrine and the generally 
recognised physico-chemical concepts and laws is to be imagined. 

Let us take the first question for the present. We have 
reviewed above a large number of facts which have played a more 
or less important historical part in the controversy. We have 
seen that a great deal of what vitalism at one time used as a 
decisive argument for its position, later appeared as a triumph 
for mechanism, and we have to ask whether any facts may have 
been overlooked which even if the arguments failed might yet 
decide the quarrel finally in the favour of vitalism ? The ques- 
tion must be put - thirty years ago we should have turned away 
from it with a smile - because vitalism actually claims to-day to 
be in possession of such decisive facts, which I must therefore 
not overlook or I shall myself be open to the reproach of having 
repressed some of the chief arguments for vitalism. 

Driesch, who is the recognised spokesman of neo-vitalism 
to-day, has several times collected these facts,*®® and describes 
them directly as proofs of the autonomy of life. The first and 
most important proof appears to exist for Driesch in the facts 
above described concerning organic ‘regulators.’ It is not 
necessary to deal with all that once more, what is decisive for 
Driesch and all his followers is the fact that the regulation in 
question (for example the regeneration of whole animals from 
portions of quite arbitrary shape and size, with sometimes the 
melting down of the remainder) always lead to the same results, 
the typical form, although the initial circumstances are variable 
to an unhmited extent. A machine, says Driesch, out of which 
one can cut pieces of any kind from any part, and which will then 
restore the damage by utilising either materials l5ing around or 
the material remaining, is unthinkable. Such machines do not 
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exist and can never exist, they contradict the meaning of the 
word machine itself, which is only a machine because it forms an 
indi^dsible whole. 

The following replies to this argument may be made : we do not 
at present know the internal nature of all construction and the 
effects which, as were showm by Spemann and others, are exerted 
by the cells on one another. We know only so much from these 
experiments, that organising effects are exerted by certain groups 
of cells, particularly in the neighbourhood of the blastophore, 
upon other cells, and that this appears to take place according 
to quite strict laws, so that the result may be c^culated ahead 
if the conditions are correctly controlled. This whole gives the 
impression by no means of purposiveness, but quite on the 
contrary, of purely mechanical causality. It is certainly true 
that the organism always restores its typical form even if the 
initial conditions are varied within \\idt limits, and it is also 
correct to say that it would be difficult for us to imagine machines 
of this kind. 

But it is by no means certain that a rejection of vitalism neces- 
sarily leads to a machine theor>^ Perhaps, or even in all prob- 
ability, the machine is a conception which cannot be used under 
any circumstances, and also not for the biological mechanism. 
We are able to draw upon quite other physico-chemical systems 
for comparison, which meet the essentials of the case much better 
than the comparison with the machine. Consider the kinetic 
equilibria met with in physical chemistry, for example a suspen- 
sion (see page 20). In such a case, perpetual movement of the 
individual particles exists while the total state, the distribution 
of the suspended substance, remains constant on the average. 
This state may be disturbed in many different ways. We are 
also able to remove parts of any size from the system which will 
nevertheless always reconstitute itself in the same way on a 
smaller scale, simply because it is in the most probable state (see 
pages 97, 258). 

Might not the ‘harmony’ of the organism, together with the 
‘equipotentiahty’ of all cells composing it. be nothing more than 
the necessary state of equiUbrium associated with this system of 
potentiahties, which therefore always restores itself, however 
much the whole is disturbed or mangled ? We do not know 
whether this is the case, since we are at present entirely ignorant 
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of the actual relationships inside the cell, but for this reason we 
should be equally careful in making the negative assertion, that 
it cannot be so. Only deliberate experimental investigation, on 
the lines so happily laid down by Spemann, can really lead to 
further progress. 

A second proof of the autonomy of life, which is to be regarded 
as independent of the first, is found by Driesch in the facts of 
heredity. He regards it as positively absurd that the machine 
should have the power of dividing, and that each part should then 
possess the power of reconstituting the whole as before (proof from 
the genesis of equipotential systems). Here we must say that 
Driesch is again unjustifiably tying mechanism to the idea of the 
machine, in order to show that this idea is insufficient. Physico- 
chemical systems, which may be divided again and again and 
still retain their form, that is, the relative functions of their parts, 
may be imagined to any extent, though not in the form of 
machines. The suspension mentioned above, for example, 
fulfils this condition. It does not, it is true, divide on its owm 
account. But that is not what we are discussing here. Leh- 
mann's liquid crystals showed, conversely, the power of fusing 
together with production of the original form; the opposite, that 
is, of cell division, which was reahsed biologically in Zur Strassen's 
experiment (see page 340). 

It is quite evident that here, and in the problem of form, we 
are really dealing with only a single fundamental problem, for, 
as we have already remarked, the genes of inheritance, and the 
'organisers' of Spemann, are in all probabihty very closely related. 
How they bring about their determination of form is knowm to us 
just as little as is the manner in which they divide up quantita- 
tively in chromosome division, but remain in existence qualita- 
tively, and then again renew themselves quantitatively. 

We may, by way of illustration and not to anticipate anything, 
construct the following hypothesis. Suppose that each gene is a 
quite definite enzyme, that is, a certain catalyticaUy active sub- 
stance, and that each of these substances possesses the power 
discussed on page 319, of increasing itself from surrounding 
material related sufficiently closely to it chemically, for example, 
sugar and lower nitrogen compounds. Let there further exist 
between a considerable number of these bodies a state of 'cellular 
equilibrium,' that is, let us suppose that the formation of further 
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quantities of each of these substances is limited when a certain 
maximum volume is reached, on account of the change in the 
electrical and other forces occurring as the relation between sur- 
face and volume changes. Within this limit we assume that the 
competition of the substances in question decides the part played 
by each in a kinetic equilibrium. We may now assume that when 
this limit is reached, the process w^hich we observe as cell or 
nuclear division takes place on account of certain physical 
quantities exceeding a given limit. 

Such a system would already have a whole series of properties 
which we are accustomed to regard as specifically biological. 
It grows, divides, and restores its condition automatically on 
account of the 'cellular* equilibrium, provided a certain limit to 
its possibilities is not overstepped (a condition which Driesch 
also requires for his entelechies). I do not think of asserting 
that it is so, or even of demanding that biologists should try this 
h3qx)thesis. The biologists themselves know best what hypo- 
theses they need to help them along, and philosophers should 
not attempt to interfere with them, or with any other of the 
special sciences.*®® I only state it here, in order to make clear 
that one may be a 'mechanist* without adhering to a machine 
theory, and thus cause the main objections of the vitalists to 
collapse. 

They will naturally find other objections, the hypotheses 
just suggested, for example, that only colonies of exactly similar 
cells could be produced in this w'ay, but not differentiated 
structures. This would bring us into the middle of the problem 
of the development of the higher organisms from the lower, and 
we naturally admit that mechanistic explanation here meets new 
and perhaps even greater difficulties. We will deal with this 
point later on. For the present, wffiat we have said is sufficient 
to show that Driesch *s second 'proof* is not so convincing as he 
and his disciples beheve. 

A third proof of the autonomy of life is found by Driesch in 
animal action. Since the psychological question plays a part 
here, we will leave it to be dealt with in the next chapter, which 
shall be devoted to this side of organic processes, a side which 
we have hitherto intentionally ignored. 

We may now further inquire how the vitalists of to-day 
picture to themselves the action of their entelechies upon the 
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physico-chemical systems undoubtedly present in the organism. 
According to what has been said on pages 205 ff., such a 
system is to be regarded as unambiguously determined by the 
initial conditions and physical laws. How is this process, which is 
already determined, to be changed as regards its operation by an 
entelechy or the like, in the sense of organic purpose ? 

Vitalism gives the following reply to this question.^®’ Physical 
processes are caused by forces which, as far as we know, obey the 
law of energy. That this law is also true for living processes is 
not exactly demonstrable, since the energy balance of an organism 
can only be followed with great difficulty, but it may be assumed 
to be true, for experiments (by Rubner, Atwater, etc.) have 
actually shown it to hold within the limits of possible accuracy. 
It has been shown that the energy contained in the food intake 
is actually equal to that given up again in the form of heat, 
external wwk, and excretory products. If therefore the 
entelechies are to interfere, or rather regulate, the play of the 
physical forces, they can only do it, just as man does in running 
his machines, under the condition that the law of energy holds 
good. 

Now this appears to be possible in several ways. First of all, 
entelechy might be regarded as workless force. If namely, a force 
acts on a physical system at a direction at right angles to the 
momentary direction of motion, the work done by it is zero (the 
mathematical expression for the work is, generally, F. s. cos a 
where F is the force, s the distance moved, and oc the angle between 
the two). The sun draws the planets (assuming a circular path 
for the sake of simplicity) continuously in a direction away from 
that of the tangent, and towards itself, without doing work in the 
process. An electron moving as a cathode ray is continuously 
diverted by a magnetic field without its energy" of motion being 
increased or diminished, since the force exerted is, according to 
the Biot-Savart law always in a direction at right angles to the 
momentary direction of motion, and hence work is neither gained 
or lost. If we imagine such workless forces exerted as required by 
the entelechies on physical systems, all particles subjected to 
them will be diverted in other directions without there being any 
change in the energy balance. 

A second possibility of influence without change of energy 
would consist in the entelechies introducing resistances for certain 
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lengths of time, against which the energy of motion would be 
transformed into potential energy, which would then be released 
again at a suitable moment. Just as a miller is able to store up 
energy in the stream for a certain length of time by inserting a 
weir or dam, and then to make use of this energy later, the 
entelechy also might do likewise, and would obviously be able to 
alter radically the course of events, without altering the energy 
balance. 

A third mode of interference would consist in the entelechy 
actually injecting into the organic cycle a certain small quantity 
of energy, which it would afterwards take to itself again. In 
this case also the balance would remain unaltered. Driesch him- 
self does not regard the latter hypothesis as particularly happy. 
We shall not therefore take any further account of it, for it 
is obvious that one would only have recourse to it if there were 
no other way of understanding the life processes. WTiat are we 
to say to the other two hypotheses ? 

They, and particularly the first, sound so very plausible that 
it is difficult to retain one's power of sober criticism. If it were 
only a matter of maintaining the law of energy, the question would 
be settled, and vitalism’s right to these arguments would have 
to be admitted. The error lies in the fact that the arguments only 
take account of the law of energy, and suggest that it is the same 
thing as physical law altogether. But we already know that the 
energy law alone does not completely determine the course of 
events (compare page 85). 

It is therefore not a matter of our being able to imagine inter- 
ference which does not contradict this law, but interference in 
which physical causality as a whole is not contradicted. A 
physical system takes its course according to certain differential 
equations, which connect the initial state with the changes in the 
magnitudes in question (page 76). The law of energy is only one 
integral of these differential equations, but contains much less 
than they do, and it in no way allow's the whole course of events 
to be followed forv^ards and backwards. If, therefore, vitalism 
is to make the power of the entelechies comprehensible, it has not 
only to tell us how change in the energy balance is avoided, but it 
must also show' how' the entelechies manage to alter a course of 
events unambiguously determined from the initial condition and 
the law. 
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The comparisons which the vitalists make at this point all 
avoid the actual difficulty. They all appeal fundamentally to the 
fact that mankind, by means of its machines, also guides physico- 
chemical processes for its own purposes without thereby infringing 
physical laws. That is true, but we do it by introducing at suit- 
able points small quantities of energy, ‘release energies,' into the 
course of events, or by so constructing the physico-chemical 
systems in question that they are obliged to take a certain course. 
The first would, when transferred to our problem mean that the 
entelechies would be obliged to generate energy, although in very 
small quantities, from nothing. The second would have no other 
meaning than that the production of the organism is only to be 
explained by the entelechies, but that its functioning is purely 
mechanical, which view is rejected by vitahsm. 

Furthermore, the analogy of human direction contains a vicious 
circle. For every time a human being switches on the release 
energy at the right moment, he makes use of his muscles, and 
these are brought into action by the nerv^es, which are made to 
function by the brain. But it is obvious that it is in the brain 
that the direction takes place which we are trying to explain (the 
problem of body and soul, which is behind this fact, will be dealt 
with later). Our ‘explanation' has thus only taken us round in 
a circle. 

The vitalist further makes some such statement as the foUow^- 
ing: I can change a course of events by switching in certain ar- 
rangements, without infringing natural law’. I can for example 
divert a ball moving in a straight hne, without diminishing its 
energy, by placing at a certain point a wall on which it can roll 
and which it meets tangentially; it will run along this for a certain 
distance only and then leave it in free motion, having retained all 
its energy. 

This is undoubtedly true. But the vitalist forgets that this w’all 
itself belongs to the physical system w’hich follow’s a certain un- 
ambiguously defined course. It is not in the least an immaterial 
entelechy, but a very real physical body. But in the organism, 
the entelechies are supposed to set up w’alls of this kind w^hich 
cannot be perceived, for the physical system is expressly imagined 
as being completely given. The ball without the curved w’all, and 
the ball with it are two different physical systems. 

The vitalist on the other hand maintains that the organism 
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with entelechy and that without entelechy are the same from 
the physical point of view. He expressly points out the phenom- 
ena of decomposition which take place at death as happening 
according to purely physical laws when the entelechy withdraws, 
and hence actually regards the living organism as the combina- 
tion of a 'dead' physical system of this kind with one or more 
entelechies of a non-physical nature. But this can only mean that 
he postulates immaterial curved walls, and hence every compari- 
son of the kind ceases to hold. 

To sum up, we may say that vitalism has not yet succeeded 
in giving a plausible account of the way in which the entelechies 
can really regulate physical processes. The comparisons which it 
makes use of either contain a vicious circle, or they contradict 
the fundamental assumption of the immaterial nature of the 
entelechies. The fact that compat ability with the law of energy is 
possible is not sufficient to remove the real difficulty, namely the 
unambiguous course of physical determination. Is there any other 
way which is open to vitalism ? 

It would appear as if modem physics leaves open a way of 
escape, physical law itself not being, according to our most 
recent view, absolutely unambiguous ; instead, as we have seen 
above, it consists in a 'continuous succession of probabilities’ 
(Reichenbach). If this is the case — and we know that we approach 
this state the more nearly, the smaller the objects which we con- 
sider — the possibility remains that the entelechies make use of the 
choice which physics as such leaves free. If certain deviations 
are actually undetermined on the subatomic level, the entele- 
chies might choose from among these those which would produce 
the desired result in the course of the further chains of action, 
which would then be statistically calculable. 

I imagine that it will not be long before vitalism seizes upon this 
new argument, which is not yet so ready to its hand, since physics 
itself has only just been led to these new ideas. This idea might 
be followed up further and result in a more definite formulation 
of Auerbach’s suggestion that in organisms we are dealing with 
'ectropic’ systems, that is to say such in which the free energy 
does not always diminish of itself, but increases instead (see above 
page 258). This line of thought certainly is open to doubt, since 
exact measurements have shown that the efficiency of the living 
engine is not sensibly higher than that of other thermodynamic 
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machines, that is to say, that the fraction of the energy of the 
chemical food material transformed into useful muscular work is 
not sensibly greater than if this food had been burned in a heat 
engine. We may however say that even if this is true for muscular 
work, free energy is nevertheless gained in other ways in the 
organism, or speaking more generally, elementary disorder may 
pass over into a greater degree of order, and hence a more probable 
state into a less probable state. 

However this may be, the reader will probably have the same 
feeling as the author, that this way out for vitalism, although it 
cannot be refuted for the moment, is still open to serious doubt. 
This line of thought could only acquire real importance if it were 
successfully developed into a more general philosophical hypo- 
thesis, capable at the same time of throwTOg new light on the 
problem of body and soul. The future may perhaps bring us a 
construction of this kind, and then we shall be able to discuss the 
matter further. We shall return shortly to this problem once 
more, but we will first ask ourselves what is the position of the 
problem of organic purposiveness, if we are not willing to take 
this last way out for the vitalism of Driesch. We shall see that the 
loss is, as a matter of fact, less than is commonly supposed. 

The nature of organic purposiveness or adaptation is so obvious 
to everyone from daily experience, that it is unnecessaiy’ to say 
very much about it. We already find in the simplest beings, and 
to a much higher degree in higher organisms, arrangements and 
activities which are quite obviously there for the purpose of at- 
taining certain ends, which always ultimately relate to the pre- 
servation of the individual or the species. We may leave aside 
here the question as to whether there are, alongside useful 
arrangements and activities, other which are useless or even the 
opposite, such, for example, as the absurdly large and numerous 
branches in the deer's antlers or the excessive prolongations of 
many shells and the like; or whether these are of hidden utihty. 
In any case, the useful, that is to say that serving the ends in 
question, is so much more in evidence, that we are unable from 
the start to regard all arrangements and activities of human beings 
from any other point of view. 

Everyone who observes organisms in any way always asks in- 
voluntarily: what is the use of this or that ? Why does the 
animal or the plant do this or that. If, for example, we sec potato 
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sprouts or the branches of a plant bend towards the light, our 
first thought is that the plant does it in order to obtain the 
greatest possible amount of light necessary for assimilation. If 
we consider the matter more closely and find that we cannot well 
ascribe intention and reason to the plant, the idea of purpose 
takes the form of considering the plant as constructed in such a 
manner that the reaction that is useful to it takes place. On the 
other hand, in the case of an animal, we shall in general even tend 
to regard purposive processes of this kind as quite ‘intentional,' 
in a manner fully analogous to our own action. 

On the other side, we have the fact that investigation has 
shown without doubt, in many such cases in which this ‘teleo- 
logical' view’ w’as quite common, that a causal explanation can be 
found; the causes from w^hich these activities must of necessity 
result have been discovered, quite apart from the question as to 
whether the)^ bring an advantage for the plant or the animal. A 
particularly instructive example of this is found in the construc- 
tion of bones. In the spongy bone substance which forms the 
ends of the large hollow bones, for example the thigh bone, the 
lines follow almost exactly the same course as a structure of this 
kind built according to modem technical methods, with the object 
of obtaining the maximum of rigidity with the minimum amount 
of material (figures 65 and 66). Here w’e have a case of teleology’, 
and it has frequently had to serv^e as a proof of a governing intel- 
ligence behind nature. 

The causal explanation of this problem w^as given in tw’o steps. 
It w’as first shown that the girder structure of the bone matter 
in question results from the fact that the bone cells (like most 
cells w’hich secrete solid material) always deposit lime in the direc- 
tion of maximum tension or pressure. This disposes at a blow of 
the necessity for ascribing the geometrical construction of the 
structural lines to a special guiding intelligence, for this construc- 
tion is in any case only a necessary consequence of a quite gen- 
eral state of affairs w’hich already holds for single cells. But the 
defenders of a special entelechy could naturally still ask who had 
taught these single cells to behave in this obviously very useful 
w^ay. But this question also has been answered by causal re- 
search. In all probability it is a matter of the natural conse- 
quences of laws which hold quite generally for all colloidal 
solutions, as P. Weiss has shown quite recently. 
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Vitalism is thus again driven from this second position, in so 
far as it maintains that such teleological cases are not susceptible 
of a causal explanation, but only of a teleological one ; in other 
words in so far as it places purposive causes in the place of real 
causes. The position is much the same as regards the heliotrop- 
ism of plants mentioned above. The so-called Blauuw theory. 



d 

Fig. 65 


Structure of bones 
(hip bone) 



Fig. 66 

Upper end of a crane, loaded in 
a manner similar to the hip bone, 
with lines of pressure and tension 
indicated. (From Erdmann) 


according to which the light itself automatically effects the bend- 
ing of the stem by hindering the illuminated cells in their develop- 
ment, has, it is true, recently been once more challenged, but 
there can hardly be any doubt that if not this, then some other 
causal explanation will be found for the process, and something 
i>imilar is true in numerous other analogous cases. 

The question upon which everything depends is whether such 
causal explanations, already existing or probable, have really 
abolished teleolog>\ This is the point at which the sins of mechan- 
ism begin, whereas we have hitherto spoken almost exclusively 
of the sins of vitalism. Does not purposiveness hold good to the 
fullest extent in spite of all causal explanations? And is there such 
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a thing as biology in which this purposiveness is not mentioned 
Anyone who will not admit that h^otropism is of advantage to a 
plant and the structure of its bones an advantage to a vertebrate, 
must be an idiot, and likewise anyone who will not admit that 
eyes are made to see with, and that the organs of generation of a 
plant are adapted to insects. A single glance into any text-book 
of biology w^hatsoever (even if wTitten by a fanatical mechanist) 
is sufficient to show’ that the w’hole of biology is saturated by this 
idea of purposiveness in organisms, and no causal analysis, how- 
ever extensive, will ever alter this fact. 

We can therefore come to no other conclusion than that the 
causal and teleological views have an equal right to exist. In some 
form or another, this statement is admitted on almost all sides. 
Many mechanistically minded biologists, however, interpret it as 
meaning that they only ascribe to the teleological point of view 
a proWsional value, as stating summarily the problem for causal 
analysis. They therefore deny that the idea of purposiveness 
has any more than methodological importance, and that it cor- 
responds to anything real; they maintain rather that in 'reality' 
only those complicated causal relationships exist, which we sum- 
marise under the concept of purpose for the sake of economy of 
thought. It is at this point that I believe that a vitahsm valid in 
all cases may be founded. 

Vitalism has a right to exist as soon as we ascribe to organic 
purposiveness an objective meaning going beyond that merely 
imagined. But this by no means implies the entelechy as a 
hidden causal factor, such as vitalists always believe it necessary 
to defend. We can very well secure an objective meaning for 
purpose without it. 

In order to perceive this fact, it is only necessary to see clearly 
that the concept of purpose in this respect is fundamentally in the 
same category as the concept of causality (and the 'law of nature' 
etc.) w’hich do not themselves 'run about free in nature,' to use 
E. Becher's expression. Both of them, like other relations such 
as comparison of magnitudes, arrangement, etc., are primarily 
concepts or categories (forms of thought, formulae) by means of 
which we, the subjects of knowledge, make reality into an ordered 
system. According to the positivist view (Mach), as well as that 
of idealism (neo-kantian), they are nothing more, and there is 
nothing in reality which corresponds to them. 
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As opposed to this, we have already taken up earlier the view of 
modem critical realism, which regards these concepts of rela- 
tion [universalia) as having a real content (see pages 232 f.), and 
hence must regard the concept of purpose and also that of cau- 
sality in the same way. The purposiveness of the heliotropism of 
plants or the construction of the eye of a vertebrate is just as 
‘rear as the laws of refraction of light or conservation of energy, 
or the causal connection between bacteria and disease. No 
biology will ever exist able to avoid taking a teleological view of 
the facts as well as a causal. 

There can therefore be no question of a purely provisional view. 
The mistake of the mechanists lies in the unjustifiable narrowing of 
the concept of science down to the causal-mechanical method of physics. 
The successes of the latter so dazzled the eyes of the philosophers 
of our classical period (Kant himself could not quite escape from 
it) that they believed themselves able, and indeed compelled, to 
regard physical science as identical with the science of reality. 

This was false. Science is every logical connection of facts in 
thought, whether it be etiological or teleological. Anyone who 
describes in detail how, for instance, the accommodation mechan- 
ism of the eye serves its purpose, or how incredibly ingenious the 
mutual relations of the life habits of the Yucca moth and the 
flower of the palm lily are (see also below^), is doing work quite as 
genuinely scientific as that of one who discovers the causes of a 
thunderstorm, or makes experiments in developmental mechanics. 
It is pure prejudice to suppose that only causal connection can form 
the object of science. If there are purposive connections in nature, 
they are just as much a part of nature as causal connections. Any 
one wishing to understand nature must pay attention to both, 
otherwise he will become one-sided, and place obstacles in his own 
path tow'ards true understanding of nature. 

In this connection a word must be said about an entirely new^ 
branch of biological research which is generally referred to to-day 
by the somew^hat unsuitable name of ‘ecology.* This term 
means, or originally meant, the relations of li\ing beings to their 
environment (oikos, the Greek word for a house): to the factors of 
the external world, therefore, such as light, air, temperature. To* 
day it has been widened to include also the relations of living 
beings to one another. This latter question is one on which we 
must now make a few remarks. 
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We already mentioned, at the beginning of our biological 
discussion, the fact that the formation of organic 'wholes* 
undoubtedly goes beyond what are otherwise usually termed 
individuals, at some points of the animal kingdom. This is the 
case vith certain groups of coelenterates, namely, the siphono- 
phores or colonial polyps. Here numerous and differently formed, 
hence clearly differentiated, individual polyps, form an organic 
totality, which behaves like a single animal. The movement 
polyps propel it by their common labour, the nutritive polyps 
feed it, but this does not prevent individual polyps separating off 
from time to time and living an independent life as 'medusae,' and 
also reproducing themselves. 

It is also clear that the animal state so common in the insect 
world (ants, termites, bees) forms a functional whole which is not 
quite so closely united, but in general similar to the polyps. 
Direct bodily connection does not exist, but it is replaced to a 
greater or less degree by the intercommunication of sense im- 
pressions. We may add two other examples to these. 

In the lower range of plant life we find in the lichens so close a 
life association of algae and fungi, that a long time was needed for 
scientists to discover that they were not dealing with a single 
living being, but wth two quite different species. When on the 
other hand we consider the symbiosis of the hermit crab with the 
sea-anemone, we have a case of looser community, which never- 
theless can be plainly recognised as such. Between these two 
cases we have other intermediates of all p>ossible kinds, and there 
are naturally also instances of looser community than that of the 
crustacean mentioned. 

Wliat does all this teach us ? We see that those forces and 
powers, which 'integrate' the cell to an organism, do not stop at the 
individual, but are ako able to unite many individuals of the same 
or even different species to form closer or looser units. And if we 
look a little further afield, we easily see that this principle holds 
for still more comprehensive aggregations, namely for whole asso- 
ciations of plants and animals in certain typical forms, such as a 
moor, a wood, a steppe, a lake and the like. In such associations 
we have ‘biological equilibrium'; that is to say, the relative 
numbers of the individuals of the various species concerned vary 
around certain mean values, which remain in general constant. 
The oscillations depend ui>on the effect of external factors, 
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particularly temperature, rainfall, and the like, but compensate 
one another on the average, in so far as climatic conditions do 
not change fundamentally. 

It cannot be denied that the discovery and exact investigation 
of such forms of life - this word being taken in a much wider sense 
than as relating only to a single individual - belongs to the legiti- 
mate objects of biology, but in this case there is obviously very 
little to be done by causal-anal5rtical methods. In this case the 
question of the value of the single components for the whole is of 
much greater importance, in other words the teleological point of 
view. 

In the biology of to-day we can find everywhere unmistakable 
signs of a re-appreciation of this second side of biological investi- 
gation, best described as synthetic biology . The Americans have 
coined the expression ‘emergents' for every new form of life ap- 
pearing on earth in the course of development.*’® Something 
new appears, as it were, above the surface of the stream of 
development, and maintains itself at least for a time, in its 
typical form. We may also speak of ^ Gestalt , following the 
German psychologists, Wertheimer, Koffka, and Kohler,*’^ or 
of 'wholes* following Driesch - the matter is always the same. We 
are dealing with the fact that out of existing units on a lower 
plane, units on a higher plane are formed, from atoms molecules, 
from molecules micelles, from these the chromomeres and other 
constituents of the cells, from these the cells themselves, from 
them the multicellular organism, from these again symbioses, 
associations etc., and in the case of human beings, finally, families, 
states and alliances, w^hich are all (to use Driesch's expression) 
‘more than the sum of their parts.**’* 

Although this principle may be employed very generously, we 
must not go so far as to declare any collection of organic beings 
brought together by chance anyw^here and anyhow to be such a 
‘whole.* To mark off the meaning of this concept from chance 
complexes, two conditions are necessary: first that equilibrium 
must exist in the complex in question (although it may be capable 
of variation) and that it always restores its own t\q)ical form, 
when the external conditions remain the same. And second, that 
it really forms a Gestalt in Kohler’s sense, that is, a system in 
which each part contributes towards the existence of the whole, 

♦ This word has been adopted in Knghsh , it means ‘ lorm ’ 

Ccs 
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just as in a modem bridge, each part takes its share of the load 
and supports the others. Hence it must not be possible to remove 
any part (in the case of a plant complex, for example, one of the 
plants) without the whole equilibrium being destroyed, just as in 
the case of a single organism we cannot in general take away any 
part of importance to life without endangering the whole (the 
limitation, that certain less important accessory parts, such as the 
appendix or tonsils in the human body, may be dispensed with, 
may also be allow^ed in respect of the higher order of units in 
question). 

It must also be admitted, that ideas of this kind readily degener- 
ate into useless playing with words and vague aesthetic considera- 
tions w’hich cannot naturally form the object of serious science; 
but an insight into this danger must not blind us to the fact that a 
real understanding of the living world is impossible w'ithout an 
open eye for such formations of higher order units. We must, as 
w’e said in the first part of this chapter, free ourselves from the 
prejudice that the cell and the individual are the only scientifically 
permissible units in biolog>’. They are only the most important 
and striking of a whole hierarchy of such concepts, which con- 
tinues in both directions, up and down. If w^e seriously consider 
this px)int of view, we readily see where the point of application of 
a vitalism tenable in all cases Ues, and what meaning we are 
justified in giving to the much discussed concept of entelechy. 

Mialism is nothing but the method of investigation suited to this 
synthetic biology, and the entelechy is - exactly as it was defined by 
its original inventor Aristotle ~ simply the idea of the whole 
w^hich exists in re, or in the Platonic view^ ante tern. If it does 
not 'run about free in the w’orld,*it is all the less a mere chimera, 
all the more a very real something, just as real as the causal rela- 
tionships which analytical biology strives to discover. There 
'really exists' such a thing as a living community, an animal state, 
a people etc., and these are not, as positivism and nominalism 
would Uke to persuade us in this case as well, mere flatus vocis for 
human ways of looking at things, or categories, or schemes, or 
whatever else we might call what man uses to make nature intel- 
ligible. 

\\*e say here also, as in the analogous case in physics (see page 
234), that it is not w’e ourselves w’ho have read these things into 
nature, but nature herself which has forced them upon us. We 



CAUSALITY AND PURPOSE 


403 

have read them out of her, and never ceased to learn from her in 
this respect. But then, naturally, there 'really exists' the en- 
telechy of the single individual in this sense, and we are entirely 
justified in pointing out the wonderful phenomena of regeneration 
as examples of its operations in nature. Only we must not be- 
lieve that this frees us from the necessity for investigating the 
question by causal analysis, and that we may set the entelechy in 
the place of a cause. This is the 'lazy teleology' which Kant quite 
rightly objected to, but he very clearly saw that true teleology has 
every reason to exist alongside causal analysis.®^® 

When we take up this standpoint, the question arises as to 
how it happens that the improper use of the concept of purpose in 
place of that of causality is always slipping back again. The 
answer is, naturally, that man Imows the mentally pictured 
purpose in himself as a driving force, a motive of his action, and 
hence knows it as a causal factor; and he is thus inclined to judge 
other natural phenomena according to it; in other words, to view 
nature as analogous to himself. Since without doubt this view 
has a high degree of probability for the actions of the higher 
animals, we are led to consider at what point down the scale the 
limit is to be set. Where and how does purpose in general become 
conscious (intention) ? This brings us to a new problem, the most 
important of all problems in the philosophy of natural science, 
that of the relationship between mind, soul, or spirit, and body. 



VI 


THE FUNDAMENTAL PSYCHOPHYSICAL PROBLEM 

I have purposelj’ avoided hitherto all reference to the spiritual, 
also the later form of \italism called psycho-vitalism. We must 
now make good this deficiency. 

First of all we most note that spiritual processes must probably 
be assumed in all living beings. Even in cases where the organism 
is so completely different from our own that we are unable to 
imagine what the 'inmost souV of such a being must be like, the 
principle of continuity leads us to assume some form of spiritual 
activity. For it is quite impossible to assume that a dividing line 
can be dra\TO anywhere in the organic series between 'with a soul' 
and 'without a soul ’ ; the whole system of zoologj^ is against it. 

At one time it was attempted to draw this line between uni- 
cellular and multicellular organisms. But as we have already 
shown above, the difference between the two is, in many respects, 
far from definite. To ascribe to a loose collection of cells on the 
lowest level, for example certain sponges, the honourable title of 
individual and a common soul, while denying the latter to a much 
more unified simple cell such, for example, as the slipper animal- 
cule, appears impossible, since in the latter case the single cell 
exhibits a much stricter organisation than that of the whole in 
the former case, the parts of w'hich are single cells. 

An attempt has also been made to draw^ the line between ani- 
mals with, and those without, a central nervous system, but here 
the analogous difficulty again arises. The difference between the 
highest animal without a central nervous system and the lowest 
possessor of this structure is infinitely smaller than the difference 
between the latter and the highest animals (insects - mammalia, 
birds). In short, whichever w'ay we look at the matter, the fact 
remains that every attempt of the kind has the appearance of an 
assertion made ad hoc, of the intrusion of artificial boundaries 
iiito the almost continuous series of the animal world. 
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If we are thus compelled for the reasons given to ascribe 
psychical experience even to the lowest animals, such as amoeba, 
the radiolaria, paramecium, the foraminifera, although this ex- 
perience be dim and quite incomprehensible to ourselves, the same 
principle of continuity leads to the further consequence that we 
must again pass up the scale from the common root of the animal 
and plant kingdom, the unicellular organisms, to the higher plants, 
although we may feel that here at least it is impossible to form 
any conception of their spiritual life. In recognising this we do 
not advocate the application of human and animal psychological 
concepts such as feeling, pain, pleasure, etc. to plant life. A 
poet may be allowed to do so. But the sober investigator must 
say to himself that according to all analogy the 'soul* of a higher 
plant must be something fundamentally different from that of 
a higher animal, just as different as the body of the plant is from 
the body of the animal, and that the further we go in either direc- 
tion from the common basis of the unicellular organism, the less 
the possibility of a comparison between the spiritual and the 
bodily organisation, and that we must leave it open for the 
moment whether we shall ever succeed in reaching any kind of 
understanding in this respect of organisms so far removed from 
ourselves. 

In spite of this fact, we may be allowed to reckon with spiritual 
processes also in the case of plants, although we must pursue plant 
psychology with the greatest circumspection, and for this reason 
it is not permissible to pass over without comment material re- 
cently contributed by R. France, Haberlandt, and others, how- 
ever critically we may be inclined to regard France’s experiments 
in plant psychology. These experimenters have at least succeeded 
in finding many phenomena hitherto quite neglected, and these 
show us that plants possess, to a much higher degree than we have 
hitherto believed, the power of response to stimulus and utilisa- 
tion of stimulus, and that they possess special organs for this 
purpose. A few of these phenomena have of course been known 
for a very long time, for example, the sensitivity of the leaves of 
noliinetangere and of insect-eating plants (sundew, Drosera), 

We may also notice a fact w'hich is often mentioned in connec- 
tion w’ith this question, but still more often forgotten — the rela- 
tivity of psychological time. We are accustomed to regard actions 
as conscious or willed, w^hen their speed is approximately of the 
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same order as human action, but if we watch a cinema him show- 
ing the growth of a plant, and arranged so that the real time is 
shortened from a thousand to ten thousand times, we are really 
amazed to see the complete analogy of the movements observed 
with those of animals. When, for example, the sticks of asparagus 
shoot up from an asparagus bed we seem to see the battle for light 
and air between neighbours almost as a hand-to-hand affair. 

Only a little critical consideration is required to prevent our 
believing that a spiritual life can only be one which takes place 
at the rate proper for mankind. From the standpoint of the 
theory of relativity, aU that happens is, of course, fundamentally 
timeless existence (compare page 202) only certain parts of which, 
namely the processes taking place in our brains (more correctly 
the ‘w'orld-lines’ forming its history) being associated with sensa- 
tions etc. This is obviously equally possible in the plant processes 
we have mentioned. From this point of view, also, we are led to 
the result that a plant psychology is quite imaginable, however 
great our difficulty might be in imagining it. 

At this point the question naturally arises whether reasons of 
continuity do not enable or even compel us to pursue the concept 
of mind further back, beyond unicellular organisms, and to ascribe 
a mental or spiritual counterpart also to the inorganic processes 
of nature. The doctrine that one and the same will is manifested 
in the fall of a stone to the earth, in the play of atoms, in the 
growth of plants towards the sun, and in the movements of ani- 
mals, the doctrine of ‘hylozoism,’ was not first invented by Scho- 
penhauer, but is as old as philosophical speculation itself. It has 
undoubtedly had something seductive and also poetical about it. 
The thought that, everywhere in the world, we are not dealing 
with rigid and dead ‘lumps of reality’ but with life and feeling, 
will and sensation, must appeal to everyone who has seriously 
tried to enter sympathetically into the great life and movement 
of nature, and not merely to dissect it with the scalpel of intellect. 
But this attitude of sympathy must not be allowed to interfere 
with sober and serious judgment, which tells us that, at any rate 
for the present, we have no grounds for applying the concepts 
and categories of living matter to inorganic. 

Life is, in the sense of the American philosophers mentioned 
above (page 401), an emergent of the earth’s development, that 
Is to say something new, even if it is linked with the inorganic by 
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continuous transition (see page 332). As long as we do not speak 
of assimilation and growth, of reproduction and response to 
stimulus in connection with inorganic systems -and so far at 
least no one has felt the need to do so - we have no real grounds 
for speaking of spiritual experience in the case of such systems. 
This is in no way an attempt to deny that, seen from a higher and 
more comprehensive point of view, contrast may not perhaps, in 
this case also, be resolved into higher unity (see also below page 
433). Let us therefore leave this question for the present and 
bear in mind, that, at any rate in the field of living matter, the 
spiritual may and must be assumed all through. 

We are thus confronted as regards the whole realm of the or- 
ganic, with the difficult problem of the nature of the relationship 
between mind and body. What have the bodily processes which 
we can observe in living protoplasm, to do with the sensations, 
impulses, etc. which we are obliged to suppose as their accompani- 
ment, if the world is not to remain incomprehensible to us ? It is 
perfectly obvious that interactional relationships exist, and this 
has been demonstrated, if demonstration were necessary, by thou- 
sands of experiments, and particularly by psychiatrical observa- 
tions. It is surely superfluous to give examples. Palpitation as 
the result of fear, irritation caused by bad digestion, the numerous 
brain injuries in the war, with their sometimes quite extraordinary 
mental consequences, prove these interactions between body and 
mind to the most obtuse. But in spite of some centuries of philo- 
sophical work, the great majority of the laity has not progressed 
beyond the most primitive view of these relationships, a view 
which goes back directly to the animism of savages. The ‘soul* 
is imagined as a kind of dweller in the body, a being that escapes 
at death etc., and even scientifically educated people are not al- 
ways perfectly clear, in our unphilosophical times, as to what is 
the real problem for philosophy in this case. 

We may therefore consider a few examples to make the matter 
clearer. Take a tuning fork in vibration. Physics and psychology* 
teach us that waves in the air proceed from it, and that these set 
ii*to similar mechanical vibration first our ear drums, then the 
auditory ossicles, and then the endolymph. These vibrations next 
excite, in the auditory nerve which traverses the labyrinth, some 
kind of processes which are at present very obscure to us, but 
probably belong in the field of electro-chemical phenomena. 
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These are transmitted as such through the auditory nerve, as a 
sort of wave impulse, to the brain, where likewise some kind of 
electrical changes take place in certain parts of the grey matter 
of the cortex. And then - we hear a sound. 

If we now take instead of the tuning fork radiating a musical 
note, something else, such as a hot object, w^hich excites in us a 
sensation of heat, or a sharp-edged object w^hich stimulates our 
nerves of touch, or a lamp which radiates light to us, matters are 
always the same as soon as we follow the stimulus in question as 
far as the ner\^e$ are concerned. From these we always have a 
conduction of certain processes, at present little known to us, as 
far as the brain, and there also a doubtless very complicated group 
of equally physiological changes. All that is probable is that what 
goes on in the optical ner\’e when it is stimulated by light is not 
essentiaUy different from what occurs in the auditory nerve when 
it is excited by the sound waves etc., and that the brain processes 
also will be qualitatively the same in all cases. For aU nerves are 
quite similarly constructed (or at least are similar in principle) 
and the same is true of all the ganglia in the cortex. 

How can these processes in the nerves and brain, which only 
appear to permit of differences in quantity, intensity, and arrange- 
ment, lead to the completely incommensurable, and qualitatively 
entirely different sense impressions (not to mention will impulses) ? 
Ganglia are ganglia, in one case as in another, but a note and a 
colour are something absolutely incomparable, and the sensation 
of hot or cold is again something quite different from either. 

When once we have really grasped this apparently hopeless 
question, we have only a short step to the realisation, that sensa- 
tion itself (apart from the differences in its various qualities) is 
something quite different from the physiological processes taking 
place in the brain, whether these are electro-chemical or anything 
else. If we had an 'astronomical' knowledge of the processes on 
the brain, we should still only see a mass of moving electrons or 
a system of some other physical magnitudes, in which certain 
changes are taking place; but what in all the world has what we 
should see there to do with the sensation experienced by the 
possessor of the system in question ? 

This, therefore, is the psycho-physical problem - the complete 
incomparability of mental processes (sensations, will impulses, 
etr.) with the physiological processes which we have to imagine 
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as their accompanying corporeal phenomena in the brain; and it is 
easy to see that this problem does not, for the present, become any 
clearer, when we descend from the highest organism to the most 
primitive. We may assume, after all that has been said above, 
with some certainty that even in an amoeba, when it gets hold of a 
piece of food, some kind of dim feeling of pleasure occurs ~ we 
know nothing about it, but we must draw this conclusion on 
grounds of continuity. And so the problem always remains the 
same, namely, how this 'feeling' hangs together with the bodily 
states and processes, with which we imagine it associated. 

We might even say that the matter becomes more obscure, 
the further we go away from ourselves. For while in the case 
of mankind, we know mental phenomena from self-observation, 
they are, in the case of other beings, eternally removed from our 
direct experience, and must be imagined on the basis of analogies 
from the bodily phenomena observed, which are all that we can 
observe. Hence - we might conclude - it will certainly be best 
to start with man. But this conclusion is perhaps not quite 
correct, for even though it may be difficult to form a picture of the 
mental life of the lowest animals on the basis of mere analogical 
judgments, this does not alter the fact that it is in the case of these 
that the simplest relationships certainly exist, and that here, if 
at all, a beginning must be made with the solution of the problem. 

We must, however, keep in mind from the start the very great 
difficulty in this case, which lies in the fact already mentioned, that 
the mental life of animals is not directly accessible to us by com- 
munication, as in the case of other human beings, but must be 
deduced solely from the directly observable bodily processes. 
Animal psychology^’^ is therefore in its initial stages, and we may 
even say that it is only in the last few decades that the problem has 
been properly attacked, for it was previously the practice to draw 
uncritical inferences with reference to man, and hence many 
wrong conclusions resulted. A well known example of these diffi- 
culties is given by the many years of controversy concerning the 
colour sense of bees, which has been finally settled by von Frisch's 
researches in favour of the existence of such a sense, although one 
partially colour-blind, in all probability, as compared with that of 
man.*’® In the days when Sprengel and Darwin discovered the 
relations between insects and flowers, it w’as at once assumed that 
the flowers were coloured in order that the insects, especially the 
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bees, might recognise them. Doubts were then raised, and it was 
even asserted that insects are completely colour-blind, and hence 
many of the beautiful biological relations of flowers discovered by 
the older workers were purely imaginary. 

We have at last to-day a really secure basis for the investiga- 
tion of these relationships, which fact does not prevent its being 
necessary to make new special investigations in connexion with 
every further step, for example as to how the bees manage to 
communicate to one another the presence of food supplies.*’* 
The worst distortion of the truth produced by humanisation has 
been in the matter of the psychology of the highest mammals, 
especially the domesticated animals, dog, horse, elephant, etc. 
Nine- tenths of all the touching or amusing stories of the older 
biological descriptions depend upon such uncritical ascription of 
human mental processes to animals, and hence are to be taken 
with the greatest reserve. 

Recognising these difficulties, the animal psychologists who 
have come to the subject from science, have made the funda- 
mental demand that the science should limit itself strictly to 
observing the external actions of the animals, and refuse absolutely 
to consider the internal (mental) states and processes, since these 
cannot be observ’ed. In America, this school of thought has 
recently, under the name of 'Behaviourism,'*” even claimed its 
right to be applied to human psychology as well. But even 
decidedly vitaJistic workers such as Driesch*’® have, curiously 
enough, expressed similar opinions. Empiricism is obviously so 
deeply ingrained in scientists that they will not even abandon it 
when their whole attitude would otherwise point beyond it. 

The fundamental reply to this attitude is, that since nature 
actually does contain living beings with mental processes (which 
is quite without a doubt) these processes must belong to science 
just as well as the so-called bodily processes. There is not the 
slightest reason why the scientist should be forbidden a priori to 
answer the question why a dog runs away from its master when 
he threatens it with a stick, by saying that it is afraid. This fear 
is just as real a fact as the running away or the movements of the 
molecules which constitute the heat content of a body. I am 
also unable to see the latter directly. We have shown above that 
they nevertheless belong to the entirely legitimate objects of 
science. 
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Behaviourism is thus like every positivism, a negative dog- 
matism; it erases quite arbitrarily certain sides of nature from the 
book of science, because these cannot be immediately fitted into 
its all too narrow conceptions of science, and thus blocks its own 
road to the decisively important problem. Just as positivism 
once wished to decree the abolition of atoms from physics, so now 
it would like to remove mind from psychology - with the only 
result that nature takes no notice of its dogmas. Atoms exist in 
spite of Mach, and mind in spite of the Behaviourists, and the real 
problems begin at the very point where, in their opinion, we 
should stop asking questions. 

The fundamental problem of animal psychology is and remains 
the connexion between the bodily and the spiritual. And this is 
in its simplest form in the case of the lowest animal, and then, in 
ever increasing complication, up to the high and highest, and 
finally to man, in which case we are clearly conscious of it, since 
we are, as Bohr puts it, both audience and actors in the great 
drama of life.^’® We will not allow ourselves to be diverted from 
this by the pseudo philosophy of positivism (see also below, 
pages 426 f.). 

If therefore we first ask ourselves what phenomena, in the 
case of the simplest of all living beings, lead to the assumption of 
a spiritual counterpart, we are led to what has already been 
mentioned above under the functions of the living cell, to the 
sensibility and contractility of protoplasm. We observe that 
even simple unicellular organisms respond to certain stimuli, for 
example light, by performing certain actions, for example moving, 
turning, unrolling, etc. Both these two elements, sensibility 
and contractility of the protoplasm, are found everywhere, also 
in the case of higher beings, to be active whenever, as far as we 
know, mental phenomena are taking place. In the very motion 
of our muscles, for example, which is caused by our will, such 
stimulation of single cells and consequent contraction of pro- 
toplasm takes place. 

We may therefore assume with good reason that these are really 
the elementary processes, at w’hich we should begin in investigat- 
ing the psycho-physical problem. If it is to be solved, it is certain 
that we must first comprehend this matter fully, where the condi- 
tion of affairs has not become unmanageably complicated on 
account of the enormous tangle of the effects of so many single 
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cells. How far, therefore, has our understanding of this simplest 
stimulus action of unicellular organisms progressed ? 

Unfortunately, we have to admit that there can at present be 
no question of an understanding, but rather that all we have up 
to the present is nothing more than certain *brute facts' for 
which we do not know any explanation. In other words, we 
have nothing but a large number of single observations. The 
movements that the liWng cell carries out in response to certain 
stimuli have been divided into two groups. As regards move- 
ments carried out by freely moving (swimming) cells, in moving 
say towards the force of stimulus, we speak of ‘taxis' (chemo- 
taxis, phototaxis, etc,); as regards changes in the shape of 
stationary cells, such as those of the higher plant which turns 
towards the light , we speak of ‘tropisms' — heliotropism, geotropism 
etc.) But this is not much more than a classification with the 
help of learned Greek names, however interesting and surprising 
the facts that have been discovered may be. We may give a few 
examples. In all higher plants, the stem always grows away 
from the earth and the root towards the earth (negative and 
positive geotropism); we have already mentioned that the cells 
of the part above ground contract in such a way that the plant 
bends towards the sun.^ 

Infusoria mostly show a striking sensitivity for light; they are 
ev^en able to distinguish the colours of the spectrum, and hence 
collect, when illuminated by the different colours, in a certain 
region of the spectrum (phototaxis). If an electric current is 
sent through the water of an aquarium containing jelly fish, these 
always turn with their heads towards the anode; on the other 
hand, root threads always grow towards the cathode. Certain 
protozoa set themselves across the current while others move 
towards one pole (galvanotaxis, galvanotropism). Hundreds of 
such facts have been investigated, but the profit hardly 
corresponds to the labour so far. 

One of the main problems which has remained a subject for 
controversy up to to-day*®® is whether the simplest actions of the 
lowest forms of life are causally conditioned in an invariable 
manner, that is strictly according to an invariable law, or whether 
they already show something of the higher human faculties of 

• The higher plants, ho\^ever, probably have special sicnhc celts, which then send 
toe stimulus out to the other celi.s (Habcriandt}. 
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choice and learning. It at first appears as if the former were the 
case. If in an experiment with the jelly fish just mentioned the 
current were suddenly reversed, all the animals immediately 
turn round, 'they make a right-about turn at the word of com- 
mand.* The root grows towards the earth with the same absolute 
certainty,*®®® the stem towards the light, etc. It therefore 
appears as if we may ascribe to these simplest actions, along with 
which we have a good reason for assuming spiritual experience, a 
causality entirely equivalent to that of physics. And it further 
appears that this would then have to be postulated also for those 
processes which at first give us the impression of arbitrariness, 
for example the intake of food, which does not take place at all 
times, but only at certain times, alternating with those of rest. 
There is scarcely anything to be said against the assumption that 
the alternate inception and cessation of these processes depends 
upon the fact that the interior of the cell must first be in a certain 
state, before the process in question begins, and that this state is 
each time gradually brought about when the previous portion of 
food has been digested. 

But as against these results apparently favouring strict 
causality, there are others again which show that even the lowest 
organisms possess a quite surprising capacity for learning from 
previous stimulus, and hence for undergoing experience and 
making use of it. If, for example, we allow grains of sand to fall 
from above upon the crown of cilia of Stentor polymorphits, it 
contracts each time, and rolls up spirally with its long stem. If 
this is done several times, the animal finally has enough of it, lets 
go, and swims away. All this might of course be explained by a 
machine theory. But if the same experiment is done several 
times with the same animal, we obtain the quite astonishing 
result that the tiny creature takes flight on the very first occasion. 
It has therefore actually learnt from the previous events that 
rolling up is no use, and hence does not even try it. This would 
at least be the way in which we could interpret the matter at first 
sight by analogy with our own actions in such a case. 

There are a whole number of similar experiments. Their 
total result is that the actions even of the lowest animals take 
place on an 'historical reaction-basis,* that is to say, they are 
determined not only by the momentary stimulus, but also by the 
whole previous history of the animal, and always take place on 
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this basis, in such a way that -within the limits of possibility 
- there is a better adaptation to the stimulus at each successive 
action, in the sense of the action being carried out in a manner 
advantageous to the animal. This is, to be sure, difficult enough 
to imagine as the characteristic of a machine, and one would 
have to think out incredibly complicated mechanism in order to 
produce effects of this kind, but it has actually been found pos- 
sible, at any rate approximately, to build models of this kind.**^ 
But the matter becomes apparently hopeless when we rise up 
in the scale of animal life. Here there is added to the power of 
learning, and of trying and remembering, something also without 
doubt new, namely the consideration of the purpose. We shall 
go into this matter in further detail in connexion with the rela- 
tionship betw'een man and animals, but we may anticipate at 
this point. It is certainly established that the higher mammals, 
for example dog, cat, elephant etc., and above all the anthropoid 
apes, are able to carry out useful actions which they have never 
carried out before, and which they therefore cannot have learnt, 
at least in this form, by 'trial and error.’ Every' dog owner can 
give dozens of such examples, and although not a few of them 
appear on closer insp)ection as less intelligent than the dog owner 
generally believes, there remain enough unquestionable cases of 
animal intelligence, which are distinguished from the actions- of 
lower animals by the fact that the higher animal knows how to 
find the right means even in the case of combinations of stimuli 
which it has never previously experienced (naturally this only 
happens within the limits of the animal’s powers, which are very 
narrow as compared with man). 

How a machine is to perform all this is really quite unimagin- 
able, but since on the other hand we are again unable to draw any 
sharp line in passing dowTi the scale, but rather find that the 
‘intelligent’ action obviously passes gradually into the pure 
‘reaction,’ we may naturally ask with justice, whether there is any 
point in adhering to a machine theory for the latter at all costs, 
when it Ls not sufficient in the case of the higher levels. 

But let us remain for the present by the lowest animals and 
plants, and consider those of their actions which give the impres- 
sion of being unmistakably conditioned by law, or of being auto- 
matic. Even when we admit this strict causality, the psycho- 
physical problem is by no means solved in that way, but only 
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taken at its lowest stage. For we are still left with the question 
as to what happens mentally or spiritually, when we observe this 
or that bodily process (reaction stimulus). How is the one con- 
nected with the other ? 

If the application of the principle of continuity, as more fully 
described above, is regarded as admissible, we must surely sup- 
pose that an action of the kind is accompanied, even in the case 
of the simplest protozoon, by some kind at least of feeling of dim 
pleasure, unpleasure, or the like. It would be certainly permis- 
sible to risk the further hypothesis that, at this lowest level, a 
differentiation of such mental events into the great categories 
of sensation and thought, of will and feeling has perhaps not yet 
takqn place. We may rather suppose that just as the whole pro- 
cess of response to stimulus exhibits an entirely unit character, 
so also will it be accompanied by a correspondingly simpler and 
more elementary mental process. But all this, the greatest 
possible simplification of the problem that is, in no way removes 
the fundamental difficulty of the problem, which consists in 
the complete incompatibility of the observable bodily processes 
with the mental experience which we suppose to accompany 
them. 

It has frequently been believed and stated that this mystery 
can be evaded by adoption of hylozoism, that is, the ascription 
of a soul to inorganic nature (see above page 406). But it is easy 
to see that the question is not rendered any clearer by this, but 
merely pushed back one stage further. For if it is difficult to 
explain what a cell contraction has to do with a supposed simplest 
form of will impulse, it is no more comprehensible when we get 
down to the molecules and atoms and electrons. The dualism of 
matter and soul yawms before us unbridged as ever before, just 
as it did for Spinoza, who simply ascribed to his ‘substance’ the 
two ‘attributes' thought and extension. 

Or is, after all, the whole problem w'hich lies here before our eyes, 
a single huge deception, a catch, depending upon a totally false 
statement of question ? There are two directions in philosophy 
which maintain this. 

Materialism maintains that soul has no reality, that it is a mere 
appearance, a function of the bodily which alone has real exist- 
ence. Unfortunately the materialist does not tell us how the 
matter which we call brain, has become possessed of the totally 
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wTong idea, that there is in itself something more than purely 
material, and indeed how it comes to imagine such a thing. It is 
like Munchhausen. who pulled himself out of a bog by his own 
pigtail, for, as Du Bois Reymond has said, it is a complete riddle 
why a mass of mo\dng atoms (electrons, etc.) should not be for 
ever indifferent to what happens in it and to it. Materialism 
simply denies the psycho-physical problem - car tel est son plaisir. 
But the same thing \\ill happen to it as regards spiritual 
phenomena as happened to the learned man in the Walpurgisnacht 
in the matter of the Spirits ; 

StiU there? Such impudence has never yet been known! 

Begone I We're all enlightened nowadays. 

Materialism has been refuted too often for it to be worth while 
going into the matter here. 

The second philosophical view, on the other hand, deserves 
to be taken seriously. This \dew regards the problem as merely 
apparent, and depending on a question which should not be 
asked. This is the positivism of Mach and Petzold, to which we 
have often referred, and to which must be added the ‘empirio- 
criticism’ of Avenarius and the ‘psychomonism' of X'erworn. 
\\*e have hitherto considered this philosophy, which to-day is also 
frequently called ‘conscientalism' (because it recognises as real 
only the content of consciousness) more from the epistemological 
point of view. But apart from this, it is easy to see that it also 
offers a solution of the psycho-physical problem. 

Matter, the thing' is as we have seen, nothing more according 
to Mach than a thought sjTnbol for a complex of sensations of 
relative stability. What is truly real are the psychical elements, 
(colours, tones, pressures, space, time) and what is constant in the 
world are the relations between these elements which are expressed 
scientifically in functional equations, F (A,B,C . . .)-=0. Among 
the elements A, B, C, .. .we easily distinguish a certain group a, /i, y 
. . . which hang together more exactly and which we call our ego, 
to which also belong our memories. Opposed to these in a 
certain sense is another group of elements K, L, M . . . which we 
call the physical world, and we attempt to find out their relations, 
independently of the elements /i, 7 . . . when we pursue the 
science of physics. The investigation of the relation of a, (i, y 
. . . between themselves is the business of psychology, that of 
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a, p, y, to K, L, M, by means of a certain group of middle 
elements K', L', M', which we call our body, is the task of 
physiology. 

The object of science is to represent all these relations as com- 
pletely as possible, and in the simplest manner (thought-economy). 
The idea of 'things' is a fiction, a self-deception, caused by the 
relative constancy in time with which certain relations of elements 
appear. A piece of ice for example, is nothing but the combina- 
tion, constant as regards time, of the sensations (elements) 
hard, cold, transparent, etc. The constantly repeated experience 
that these elements appear in this particular combination, is 
shortly expressed by us with a view to economy of thought, by 
the single word ice. The dualism of body and soul must, according 
to this view, necessarily be an apparent problem only; accord- 
ing to Mach 'it has been introduced artificially and unnecessarily.' 
According to him 'the whole strangeness of the situation as 
described above (see page 409) is an illusion.'^®® 

The following is a short statement of what is to be said against 
this philosophy (more complete arguments are to be found in the 
works of Honigswald, Kiilpe, Messer and others.) 2®^ One of the 
main objections to the doctrine in question is the impossible 
double part played by the ego, on the one hand as 'a complex of 
elements of relative stability,' on the other hand as a subject of 
scientific knowledge, and also of the positivist and other philosophies. 
How a complex of elements can be subject, not only to the 
monstrous deceptions of the psycho-physic^ problem, but to any 
deception at ail; and how the same complex of elements can then 
put itself right, and in Mach's philosophy - push itself back again 
into the liquid mass of the elements themselves, appears to me to 
beat the record of the materialistic Miinchhausen twice over. 
Closely connected with this contrast between truth and deception, 
which runs through the whole of Mach's work, but should be 
impossible according to the principles of his own system, is the 
contrast, already discussed earlier (page 32), between the 'actual' 
and the 'hypothetical.' Both are quite impossible on the basis 
of positivism. 'The correctness of the theory presumes,' as 
Husserl says in quite an analogous case,®®® ‘the unreasonableness 
of its premises, the correctness of the premises j^resumes the 
unreasonableness of the theory.' 

We do not need to lay stress here on the want of clarity in the 

Dds 
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statements of the positivists, as to whether it is the elements or 
the relationships which are real.*®* 

On the other hand, a very doubtful point appears to me to be 
the twofold r61e played by time in this philosophical system. 
The ‘thing,’ also the ego, are thought s 5 mibols for sensation com- 
plexes of relative stability. But stability means the same as 
constancy with regard to time 

(K, L, M . . .)= 0. 

Now space and time are, according to Mach, themselves 
elements. These equations j, = 0 differ in no way from other 

dt 

functional equations between the elements, how is it that just 
the equations j = 0 give the opportunity for the 'hypostasisa- 
tion of things-in-themselves’ ? 

Finally, conscientahsm does not explain to us what is here the 
main point, namely the wonderful fact that we do not merely 
regard, without any justification, our own complex of elements 
(a, 7 . . .) as a fixed pole ‘ego’ in the flux of phenomena, but 

above all that W’e imagine as added to certain groups A, B, C, 
of the so called external world, namely the bodies of our fellow 
human beings, and of the higher animals, quite definite elements 
u', /j", '/,■■■ regarding which we are furthermore convinced that 
ue shall nex er be able to perceive them directly, but which we never- 
theless assume just as certainly to be ‘real,’ as our own <t, (i,y . . . 
Now there is nothing in itself unusual in our adding in thought to 
obseiwed elements others whicli do not represent a real, but only 
a possible observation. This happens everywhere in physics in 
order to enable us to comprehend the course of events. 

But let us now' consider what this means in our case, where 
the elements added are not, as in physics, possible objects of 
expH-'rience, but (for me), are simply inexpcrienceable. Here is 
a complex of elements L„, M„ N, . . . of my experience, which 1 
call the brain processes of the person X (assuming that such 
experience is possible with complete exactness). I now imagine 
as necessarily connected with it a certain element />„ for example 
‘red,’ as the sensation felt by the person X, that is to say as part 
of the complex /!„ 7 , ... Nothing could be easier than that. 
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says the psychomonist. Alongside the many other relations 
between elements, there exists also that between L,, M*, N, . . . 
and p^. 

Very good. But I think we knew that already. The very 
question that we are asking is why and in what way does this 
relationship exist, the problem as to how the brain processes hang 
together with the corresponding sensations does not in other 
words become any clearer for us, if I analyse the brain processes 
themselves into a sum of sensations of a third party. We followed 
above the way taken by a sound from the ear drum to the brain. 
The sound wave is, according to the psychomonist, nothing but 
an expression based on economy of thought for certain com- 
plexes of sensation of the physicist. Let this be so. The same 
is true of the concepts: ear drum, cochlea, nerve, brain molecules 
etc., all these are only symbolical expressions for elementary 
complexes, if you like. But what in aU the world, then, compels 
us not to remain, in this case, as we otherwise always do in physics, 
by these elementary complexes, but to think into them a certain 
p„ which is for ever inaccessible to our experience ? The 
psycho-physical has not been got rid of, but merely translated 
into another language. 

We may leave the matter at this point. Psychomonism or 
conscientalism is not a possible road to the psycho-physical solu- 
tion. Realising the impossibility of evading this fact, many 
people to-day are contenting themselves with the simple admis- 
sion of parallelism between body and soul, which is then generally 
expanded into hylozoism. The central point of the doctrine of 
parallelism is the denial of so called infiuxus physicus, that is to 
say, direct action of the body upon the soul and vice versa. The 
same body ■’.cts only on the bodily and the spiritual on the 
spiritual, but both move together inseparably and the appear- 
ance of interaction results from the fact that we sometimes observe 
one side, and sometimes the other of such a causal series. The 
parallelist is therefore compelled to demand as an addition to the 
bodily (physical) processes of stimulus, mental or spiritual counter- 
parts, and conversely, to every mental process in the brain, a 
bodily counterpart, in order that both series may remain 
unbroken. 

As opposed to this, we have the theory of mutual irUeraction, 
which says that interaction between the two series does actually 
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take place. A third theory, the identity theory, strives to regard 
the physical and spiritual as two different sides of one and the 
same thing, which is then generally regarded, in the sense of the 
‘spirituahsm’ opposed to materialism, as of the nature of mind. 
What position are we to take up with regard to all these 

So much is dear for the present, that all dogmatism on this 
most debated of all philosophical questions is out of place. Let 
us say first of all, honestly and plainly, that we do not know. In 
each of these theories we are feeling our way only; no one has 
explained the relationship we are discussing by means of any one 
of them. And the arguments which are put forward for one or 
other views are always more or less convincing, but never so 
demonstrative as their supporters usually believe. On account 
of the importance of the matter, it is necessary to discuss a few 
of these at least. 

First as regards the denial of the influxus physiats, this depends 
fundamentally on the same arguments, which we brought for- 
ward above against the action of the entelechies upon the physico- 
chemical organisation of the structure. We cannot quite see 
how a transphysical factor, whether it is called entelechy or soul, 
can act here in any way at all. It is, by the way, a very short 
step to assume, that the entelechy required by vitahsm actually 
is identical with the spiritual in some form or another. Accord- 
ingly, Driesch first introduces alongside the entelechy the ‘psy- 
choid’ as a special factor, but only to conclude by expressing 
the opinion, that both after all are ultimately identical.*** 
Altogether, the whole of the vitalism of to-day is psycho-vitalism 
in this sense. But naturally, all the arguments given above 
against vitalism also affect the theory of interaction, which will 
not need any further exposition. 

On the other hand, it is not to be denied that a direct inward 
voice, which is difficult to silence, speaks against parallelism. 
Let us consider a little more exactly, what according to it, is sup- 
posed to take place in an everyday psycho-physical process. 

Suppose, for example, a letter or telegram arrives with news 
of some event. Thereupon the recipient jjerforms a whole number 
of thinking processes and conclusions. He gets out the railway 
guide, decides to travel by a certain train, and then actually 
travels by it. Parallelism compels us to suppose that the light 
waves met'ting the eye, and the process set going in the optic 
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nerve and the brain on the basis of a historical basis already 
present, that is to say a bodily disposition of the brain atoms 
etc., set going according to pure physical laws just those physical 
processes alongside which we have to range, as their spiritual 
complements, the wishes, conclusions, choices etc. in question. 
How this is to be imagined as possible in view of the infinite 
variety of mental combinations, which often lead, as a result of 
the smallest differences in stimulus, to absolutely opposite results, 
is quite incomprehensible. The telegram 'Wilham wed' differs 
from another ‘William dead' only very slightly, but very funda- 
mentally from a mental point of view. On the other hand, it 
may reach us in a physically totally different form Guillaume 
dioiii, and the result is the same as in the English, assuming that 
we understand French. 

Even if we could find in case of necessity a parallelistic explana- 
tion of all this, what are we to imagine according to this theory, 
when anyone, as the result of a certain piece of news, tells a lie 
to someone else ? Are there machines, or other physico-chemical 
systems, which can lie ? Furthermore, all our direct inward 
experience speaks in favour of the physical letters in the case in 
question, having first set going a spiritual process, and that this 
again sets a bodily process going (movement etc.). Parallelism 
remains a hypothesis which has the words ai hoc written all over 
it. It is made in order not to admit the influxus physicus, but 
what do we really know as regards the possibihty or otherwise of 
the latter ? 

Closely related to parallelism is the theory of identity which, as 
we have discussed above, maintains that one and the same ‘un- 
known third' appears to us at one time as the material, at another 
as the spiritual. The question naturally arises at once why this 
double mode of apparition exists. The answer of the identity 
theorists is, because we look at the matter in question at one time 
from inside, at another from outside. One and the same circular 
arc appears different to us (concave or convex) according to the 
si']< from which we look at it, and nevertheless it is always the 
same fine. This sounds very plausible and apparently clears 
away the difficulties connected with interaction in a very happy 
manner. But unfortunately the whole theory still remains im- 
clear as to how we are to imagine the ‘unknown third' and how 
it comes about, that we are able to look at it in two different ways. 
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It therefore gives us, like its antithesis the dualistic interaction 
theory, only a programme, but no real explanation. 

Further, the identity theory, as we can easily see, amounts in 
the end to a form of spiritual monism. For since the mental or 
spiritual is the only thing that we can really understand directly 
and from the inside, this will always claim first place (also for 
epistemological reasons***). And hence the 'unknown third’ 
will after all be finally completely identified with it. This would 
then lead to the bodily being finally only a mode of appearance of 
the spiritual for the spiritual, and we may perhaps say that de- 
velopment is strongly tending in this direction to-day. If, namely, 
matter can finally be analysed into purely formal conditions con- 
cerning a Something in itself quite indifferent, as we have dis- 
cussed in our physical section (pages 198, etc.) , there is apparently 
nothing in the way of regarding the spiritual itself as this final 
substance, as the Enghsh physicist Clifford remarked forty years 
ago, and as his more famous compatriot Eddington has pointed 
out quite recently.**® 

In Clifford’s case, it is true, the statement had a conscientalist 
sense as with Mach, but the idea may better be turned in a meta- 
physical direction; the postulated spiritual would then be the 
universal world substance (not the spiritual in the sense of in- 
di\adual consciousness as in Mach’s case), and the complex pre- 
sence in the single individual would only be a minute fraction 
thereof. This would then bring us to a metaphysical idealism (to 
be carefully distinguished from an epistemological idealism) lying 
directly on the line of Platonism, and it is noteworthy that the 
epistemological realism, which we set forth in the first part, leads 
to this consequence. 

It is true that there remains unexplained, for the present, the 
relationship between the part complexes in question (the individ- 
ual souls) and the whole, and for the pre.sent also, the reference- 
back of the material to purely formal conditions of an indifferent 
substance, is naturally far from being carried through. We shall 
return to the first question later in another connexion, but 
biology also offers some suggestions, which we will now shortly 
discuss at this p>oint. 

We saw above, that we have to recognise in the higher ‘wholes' 
which go beyond the individual, for example animal aggregations 
and animal states, but also in the biocoenoses. Gestalt in a wider 
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sense, the reality of which, from the point of view of critical 
realism, must be just as fully admitted as that of the single in- 
dividuals composing them. This is naturally true, first of all, for 
the characteristic example of such a whole of higher order, the cell- 
state forming the multicellular organism. But we did not then 
discuss the question as to how this works out in the spiritual do- 
main, and we must now make good this intentional omission. 

We have already seen at the beginning of this chapter, that the 
principle of continuity compels us to ascribe spiritual experience 
also to the single cell. This must then be true of the single cell 
of the multicellular organism, and this brings us to the question 
of how this 'cell soul' is related to the soul of the whole. When 
we state the question in this way, we recognise that an exactly 
analogous question exists as regards the higher units above men- 
tioned. All analogy requires us to ascribe not only a unity in life, 
but also a unit spiritual experience, to the polyp colony. How is 
this related again to the spiritual unit of the single polyps which 
compose it ? Other questions again appear in such cases as 
that of the earth-worm cut in half, or the planaria divided into 
seventy-two pieces. What happens there on the spiritual level ? 
And what happens in the case of regeneration ? 

We do not know, but the questions themselves are sufficient 
to teach us that this is a domain in which we have to be very care- 
ful in applying concepts and rules derived from our own spiritual 
life. Animal psychology, as we have already set forth, is in its 
initial stages, and we cannot yet speak of the real foundation of a 
plant psychology. Hence we can say no more than that, in view 
of the biological facts mentioned, it is entirely unsound to assume, 
as is commonly done, that the spiritual is always attached to a 
brain, or at least to a central nervous system. Since we know 
absolutely nothing at all about how and why it must be attached 
in this way, the only valid argument remaining for such an asser- 
tion is, that we only know of its existence in such a connexion. 
But this is just what is rendered doubtful by the biological facts 
have mentioned. Stating the question quite generally, it 
runs: what biological systems give us the impression that spiritual 
experience (sensations and will impulses) is operative in them ? 
Honesty compels us to reply that this is far more true of one of 
the animal colonies in question, than of a sponge or a volvox 
colony, and at least as true as for one of the polyps belonging to 
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the same class of animals. Indeed, the same is even true for ant 
and bee states. It may be replied that this is admitted, and that 
the animal colony may be therefore given a unitary comprehensive 
spiritual identity, although we know nothing at all about it. But 
how is this to come about in the case of an animal state, the in- 
di\iduals of which are completely separated from one another, 
while in the case of the polyp colony they are at least closely con- 
nected together ? 

This objection must certainly be taken seriously, but it also 
is not fundamental, since complete isolation between two material 
objects does not exist. In the physical world everything is con- 
nected \%ith everj’thing else; that is a fact beyond all doubt, which 
follows with certainty from the whole system of modern physi ‘ 
\Mio can guarantee that the spiritual does not also reach o it be- 
yond the limits of the individual? We know nothing in detail 
about its connexion ^^ith the bodily, we only know that in Min- 
kowski's language, it is peculiar to certain 'world-line' complexes, 
that these serv’e as ‘guides' or whatever w’e like to call them for 
the spiritual (this is certain as regards the physical processes tak- 
ing place in our brains). W’ho is to tell us where this possibility 
ceases ? It is, obviously, again only a question w^hether the ob- 
served facts in a certain case compel us to suppose that thiS reach- 
ing out of the spiritual be)"ond the individual limits is actually 
present or not - no judgment can be made on this point in any 
other way. 

But if we regard the matter from this jxiint of view, biology at 
once show s us a number of striking facts, which tell very much in 
favour of the enlargement of the limits. The riddle of the migra- 
tion of birds, the fact that a train of caterpillars, say the proces- 
sional^' moth or the like, w^hen interrupted at any jx)int, is im- 
mediately upset at all points with lightning speed, similar phe- 
nomena in the case of ant heaj>s, and then certain other matters 
that will be discussed below% are much more easily understood if 
we assume that a spiritual experience reaches out beyond the in- 
dividual. A mechanistically thinking biologist may perhaps 
object at this point, that all this is none other than the psycho- 
vitalism so sharply criticised above. 

The answer to this is that the same must be true when a biolo- 
gist such as von Frisch teaches us to understand animal actions 
by making use of spiritual factors such as sensation etc. As a 
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matter of fact, no one doubts that the actions of the higher 
animals at least may be quite legitimately explained with the 
aid of psychological notions such as fear, hunger, sexuality, and 
the like. We have already pointed out that these are as entirely 
real as bodily processes themselves, and as I do not wish to 
introduce, by the assumption of a spiritual connexion reaching 
beyond the individual, anything that is not already quite generally 
accepted, on the other hand, I also do not wish to prejudge the 
fundamental problem by this supposition. 

Extended spiritual connexion proves just as much and as little for 
vitalism as any everyday explanation of an action by psychological 
motives. We cannot wait for the physiological explanation which 
the mechanists promise us, anj" more in one case than in the other. 
What is animal psychology to do in the meantime ? There remains 
for it, at least for the present, nothing else than to see how far it 
can get with specifically psychological motives such as instinct, 
sensation, association, c... What we propose, therefore, means 
only that this method, which is generally approved and applied in 
the cac^e of individuals, must necessarily be applied to the ex- 
tended units. But since we are obliged to return to this question 
tw^ice again in other connexions, we may leave it for the present 
and we will now devote a short time to considering what finally 
results from all that we have been discussing. 



VII 


METAPHYSICAL CONSEQUENCES 

Before entering upon the subject of this chapter, we will 
make a few preliminary remarks concerning the concept of 
metaphysics in general, which has imfortunately an evil sound 
for most scientists even to-day, although development has long 
gone beyond the purely negative attitude of the late nineteenth 
centuiy". Eduard von Hartman*®* is kno\\Ti to the majority of 
people onlj’ as the author of The Philosophy of the Uticonscious: 
that is to say, as the originator of a metaphysical system very 
\mlnerable at many p)oints. A much greater achievement of this 
philosopher was the foundation of ‘Critical Realism,' in which 
he discovered an entirely new’ position, a ‘Metaphysics a posteriori,* 
and thus finally disposed of the Kantian view of metaphysics, 
which started from an untenable conception of science (compare 
in this connexion pages 243 f.). Of recent years, Erich Becher has 
continued his work along the same lines, and we owe to him the 
highly illuminating definition of metaphysics as the ‘science of 
total reality.' 

It is in fact easy to show, that the existence alongside one 
another of the various sciences leads to certain new concrete 
problems (and not as certain philosophers have maintained, only 
to new’ epistemological problems) of w^hich no single science can 
find a solution, since they lie outside the field of work of any one 
science. The physicist is not concerned w’ith mind, nor the 
psychologist, at least for the present, with physics, but a problem 
arises as soon as the results of both are confronted wnth one 
another: namely, the problem under discussion of body and soul, 
which therefore forms one of the chief objects of metaphysics. 
It is a self-evident consequence that such metaphysics, since it 
deals fundamentally only with the ultimate results of individual 
sciences, and hence often with results more intuitional than actu- 
ally proven, wiH be considerably less definite and more uncertain 
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even than these results themselves. This is, indeed true to a less 
degree even for the theories of each field singly; the more general 
and comprehensive the question that is put, the more difficult it 
will be to answer it, but anyone who has followed the brilliant 
development of modem physical theory, for example, will not 
condemn the striving after theories of the greatest generality (see 
also above pages 192 f.). 

The same right may therefore be claimed for the most general 
theoretical problems, that is, those of the science of 'total 
reality,* so long as we remain conscious of the difficulties of the 
task, and are particularly careful to avoid hasty and dogmatic 
conclusions. In other words, we are seeking in metaphysics 
nothing more than a general view of the world and the relation- 
ship of its various types of phenomena (body and soul, nature and 
civihsation etc.), to one another, which on the one hand allows of 
direct connexion with the results of the separate sciences, but on 
the other hand also brings this theoretical knowledge of ours into 
a rational connexion with the other factors of our cultural life. 
For after all, science is only one of the many civihsed activities of 
mankind, and must suffer if it is permanently isolated from all 
the others. Here also synthesis must finally follow analysis, 
which of course is unavoidable. 

We have already actually touched upon a whole number of 
metaphysical problems, and discussed some of them, the chief of 
which were the problems of contingency, teleology, and psy- 
chology; the last and highest of all metaphysical problems, the 
problem of God, has also been shortly mentioned at various points. 
It therefore only remains for us to see what can be said on these 
matters from the biological point of view by way of conclusion. 

In this connexion we may point out for the present the fol- 
lowing facts. In popular hterature, concerning the controv^ersy 
as to the meaning of life, it is still fairly usual to identify the con- 
trast between the mechanist and the vitalist biology with the 
contrast between atheism and theism, without further question. 
1 Lc falsity of this is shown at once by the fact that the third main 
category of belief, pantheism, is ignored. It is therefore useful to 
gain first of all a clear view of the essentials of these three view's 
of life. Under the word atheism we understand a view w'hich 
regards the w^orld as something unpersonal (generally also purely 
physical), a neutral thing or a machine or something even less: 
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a mere conglomeration of single machines isolated practically com- 
pletely from one another. Pantheism on the contrary, regards 
the world as an organic whole, which is usually, in the great 
majority of cases, imagined as having a spiritu^ essence. Ac- 
cording as this essence is looked upon as a more or less unconscious 
driA'ing force, or as more conscious, or even as something far ex- 
ceeding the human consciousness, pantheism approaches nearer 
either to atheism or theism, which latter of course regards the 
world as an organism also, but not as an organism on its own ac- 
count. but by \ 4 rtue of a highest Will, which is completely con- 
scious of itself, and is free in the highest sense; thus possessing 
the main attributes of a personality,' self-consciousness and 
freedom of will. 

It is ob\’ious from what we have said that the boundaries are 
far from sharp. \\q shall not discuss further the various varieties 
of these views, but shall only remark that a certain variety of 
theism, namely that called deism, again approaches closely to 
atheism (extremes frequently meet). For according to deism 
(particularly popular in the i8th centurj^), the whole world is 
supposed to be an enormous machine, which plays its tune 
mechanically (sec page 220), the deist merely adding (iod, at the 
bc^ginning of all things, as the builder and winder-up of the great 
world-clock. In this respect, deism and atheism are diametrically 
opposed to pantheism and, prop>erly understood, theism, for these 
are agreed that God cannot be separated from the world in this 
drastic way, but that, as St. Paul says, Tn Him we live and move 
and have our being.’ Wliile pantheism identifies (iod entirely 
with the world, theism on the contrar>^ regards the world as con- 
tained in Him. but by no means regards Him as entirely repre- 
sented by this world symphony. 

After these preliminary remarks, we may inquire as to what 
the relations are l)etween the mechanist-vitalist controversy, 
and these various philosophies of life. It is first of all clear, that 
mechanism in biology, including the doctrine of spontaneous 
generation, contains no direct reference to any of the three 
categories of world-view. For nothing compels even the theist, 
let alone the pantheist, to adhere under any conditions to a 
dualism of matter and life in the world. If the theist regards the 
world as the act of God from the electron and atom up to man- 
kind, and furthermore as timeless and eternal (see page 271). it is 
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a matter of indifference whether God performs this act in one or 
in two stages. Theism does not consist in God having created 
life, while the world of dead matter goes on by itself, without him 
- anyone who is of this opinion is half a deist, and not logically a 
theist, at least not a Christian. 

Theism simply consists in regarding the fundamental origin 
both of the inorganic and of the organic, whether these are two 
kinds or only one kind of things, as lying in a personal, that is. 
self-consciously acting Being. Any theist who imagines that 
his theism would be endangered if he no longer assumed that a 
particular act of creation by God of the first living being took 
place at a certain point in time of the earth's history, may equally 
well regard every physico-chemical process as an instance which 
tells against his belief in God. No one whatever doubts that the 
latter process takes place by itself on account of forces immanent 
in matter. But mechanists do not hold any other view than 
this concerning spontaneous generation. Hence if the latter 
contradicts theism, any physical or chemical process does the 
same (Dennert). If this is true of theism, it is still more true of 
pantheism; biological mechanism is thus consistent with any world- 
view whatsoever. 

It might however appear as if vitalism, on the other hand, 
does not possess such neutrality, which naturally must always be 
regarded as a recommendation. It rather appears to involve 
theism, or at least pantheism, even if vitalism is limited to the 
problem of the origin of life, in other words, if it is limited to the 
rejection of spontaneous generation. This was what Haeckel 
meant when he said: ‘to deny spontaneous generation is to 
announce a miracle.' We must however be careful here. 

Let us therefore first assume that the origin at least of the first 
living cells cannot be explained by physico-chemical forces, and 
the question then arises: when did the first living cell come into 
being ? The theist answers perhaps rather hastily: God created 
such cells once at a certain moment, which he believed to be the 
ngiit one. But there is another answer, namely this, that life 
did not arise at a definite point of time upon this earth at all, but 
was there long before the earth was capable of sheltering living 
beings. It was always there, life is just as eternal as matter, 
and the question of its origin is entirely one with the question of 
the origin of the world itself, of material reality. 
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The doctrine that life exists everywhere in space, and that our 
earth w'as colonised by living germs from cosmic space, is called 
the doctrine of panspermy or the costnozoic hypothesis, its chief 
defender in most recent times being Svante Arrhenius.**® But 
while the earlier defenders of this doctrine had great trouble in 
rendering the transport of germs through cosmic space plausible, 
and were obliged to call in the aid of volcanic eruptions and all 
sorts of other things, Arrhenius has at least succeeded in pointing 
to a force which might perhaps be capable of transporting them. 
This is the pressure of light, calculated by Maxwell from the 
electro-magnetic theory of light and later proved experimentally 
by Lebedev. It is the pressure exerted by electro-magnetic 
waves on the object upon which they fall. Since this pressure 
of light changes proportionally to the surface, while gravitation 
varies as the volume, hence the former according to the second, 
the latter according to the third pow'er of the linear dimensions, 
it is obvious that below a certain definite limit of size, the repul- 
sive power of light pressure will exceed the attractive force of 
gra^tation. Calculation shows that, for a spherical body of unit 
density, the two forces, assuming the sun as the source of attrac- 
tion and radiation, will be exactly in balance when the body is 
about 0.00015 mni- diameter. 

So far, all this seems very plausible. But there are a whole 
number of serious objections to the hypothesis of Arrhenius. 
First of all, as far as we know, very few living beings exist, the 
smallness of which approaches this limit. We spoke above of 
Esmarch’s Spirillum parvum having a diameter of 0.0001 to 
0.0003 nim., and the existence of ultra-microbes considerably 
smaller than this, though often put forward as an hypothesis, is 
very doubtful, since there must have been many opportunities 
for discovering them, if they were fairly plentiful.*** Neverthe- 
less, we have a certain amount of right to assume that such beings 
capable of transport by radiation pressure exist. But there are 
other objections which we will state briefly: 

1. The cold of cosmic space would kill bacteria on their long 
journey. According to Arrhenius, they would need about 9,000 
years for their journey to the next solar system (u Centauri). 
It is true that, on the other hand, we know the lowest forms of 
life to possess a quite astonishing power of resistance to cold 
(see page 303) . Bolsche regards this fact directly as an adaptation 
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to the extreme cold of cosmic space, and Arrhenius explains 
it by the fact that cold slows down all chemical reactions, approxi- 
mately in a geometrical series. When the temperature falls by 
10 degrees a reaction is slowed down by half, and a fall of 100 
degrees slows it down 2^® = 1024 tinges. This point is neverthe- 
less doubtful. 

2. Bacteria spores would die in absolutely dry cosmic space 
from loss of water, even if they were capable of enduring a journey 
lasting 9,000 years. 

3. Intense ultra-violet light, with no atmosphere to act as a 
shield, would kill all bacteria. Arrhenius's counter-argument 
that this action only occurs in the presence of oxygen, is of 
doubtful validity. 

4. The formation of such spores assumes highly organised beings, 
whereas they are supposed to be the most primitive germs of life. 

5. Special hypotheses are necessary in order to explain the first 
escape of these germs from a planet peopled with life. 

6. This assumption would lead to the atmosphere still contain- 
ing germs coming from outside. But all experiments hitherto 
have shown that it is sterile above about 6,500 feet, w’hile the 
few germs occasionally found at a higher level prove to be varieties 
known on earth. 

From all that we have said, it does not appear surprising that 
numerous scientists, including those who have no prejudices as 
regards a view of the general question of life, reject the whole 
doctrine of panspermy. There is a further point to consider. 
It will be said, namely, that the whole doctrine is not even a solu- 
tion of the problem which it intends to solve. For transferring 
the origin of life from the earth into cosmic space does not make 
it any more explicable. If we cannot understand how the con- 
stituents of protoplasm could unite of themselves on this earth 
to form a living cell, this union does not become any more probable 
in cosmic space. It is also no answer to say that we do not know 
what are the conditions elsewhere -on the contrary, they are 
ce? t ainly as favourable as possible with us. For it is not a matter 
of other conditions, but of the highly improbable coincidence of 
a vast number of necessary conditions (see pages 328 f.). The 
production of a poem by shaking up letters in a bag, is no more 
probable in space than on the earth. 

All these objections are perfectly valid. The doctrine of 
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panspermy merely pushes back the unsolved problem of the 
origin of life, it does not solve it. But it certainly gives it a 
different complexion, inasmuch as it puts the problem of life 
directly alongside that of matter in the whole problem of con- 
tingency (see page 214). If vitalism is right, the world is 
contingent again in another relation, and this, and not the 
temporal beginning, is the chief thing. If we regard the matter 
in this way, it is more easily seen that vitalism by no means leads 
directly to theism. To conclude the existence of God from the 
proved duality of the world would be to adopt the old ‘cosmo- 
logical’ proof of the existence of God, the essential of which is: 
if the world is as it is and not otherwise, it must have had a Creator 
who made it as it is and not otherwise. As is well known, this 
conclusion can easily be carried to an absurdity by inquiring as 
to the creator of this Creator, and so on ad infinitum. The whole 
proof therefore onl)^ shows in the plainest possible way, that 
thought finally stops at some datum or another (see, however, the 
limitations to this pointed out on pages 215 f.), and it is then a 
matter of taste w'hether this final datum is assumed to be the 
world itself, or a blind original urge, or a highest consciousness, 
unless something further can be made of it from an entirely 
different point of view (namely from the point of view of judg- 
ments of value, see pages 594 f.). We may here remind the reader 
of Faust s four different translations of the first verse of St. John's 
gospel. 

The doctrine of panspermy deserv'es the credit of having made 
this state of affairs particularly clear, even if it may have 
to be given up. In the usual version of theistic doctrine of 
creation, the only permissible standpoint for regarding these 
matters is more easily lost sight of than is compatible with a 
rational view of the world. Believers tend involuntarily to 
regard the creation of the world as occurring at an unimaginable 
distance of time previous to the creation of life, and hence to lose 
sight of it altogether. Life appears as not only a new and higher 
stage, but also directly as one more divine and worthy of God, 
as compared with dead matter. The latter, the cold, empty, 
rigid iiyle, assumes an ungodly, even an impious, appearance. 
Motives from older, even the oldest, duaUstic philosophy* enter 

• iVrsiaii religion, Ntf^platonibm, GnohtJti!>m. mark the chief points on this 
stream, part of \^hich hnally runs into Christianity 
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in, and the contrast is complete between the divine 'life,' and the 
godless 'dead matter.' There is really no need to point out that 
this is entirely wrong from the point of view of theism properly 
understood; nevertheless, it is repeatedly forgotten. It is there- 
fore good that the doctrine of panspermy makes the whole situa- 
tion clear at a single blow. The fundamental question, as regards 
our view of the world, is not when did hfe arrive, but whence did 
life and matter, whether these be one or two stages in the world, 
come. The usual form of the question, namely, whether life is 
eternal, or whether it was created by God, is just as false as the 
analogous question mentioned above (page 270) regarding the physical 
world. 

Having thus arrived at the result that science is justified in 
entirely omitting from its purview the metaphysical matters in 
question, and having thus freed ourselves from all sidelong glances 
after such consequences, we may on the other hand now take the 
liberty of following a few thoughts on the matter a little further, 
without thereby attempting anything of the nature of hasty 
dogmatisation. What is the total impression which the world 
makes upon us, after what we have heard about its material and 
its living side ? I think we may surely say this, that it may also 
be regarded as a whole, as a ‘psycho-physical' system which, both 
from the physical and from the psychical point of view, shows a 
structure in stages, which lead from lower to higher units. In 
this sense it is a cosmos and not a chaos. From the atom to the 
world of fixed Uars, from amoeba to humayiity, there is an almost 
uninterrupted series of steps in the formation of ever higher ayid more 
comprehensive wholes. 

How this is actually to be imderstood in the psychical field, 
we do not know, at least for the present; the problem of the rela- 
tion, for example, of the cell soul to the soul of a whole individual 
is, as we have said, inaccessible to us for the present. We can 
only suppose that the psychical side of the lower stage in some 
way or other contributes to that of the higher stage, but certainly 
not by a simple law^ of addition like that of forces in physics, but 
otherwise; perhaps in some such way as, to use a metaphor, single 
notes together constitute a melody which, without doubt, is also 
something new and whole as compared with the notes singly, 
although it is made up of them.*®^ It is this new thing w’hich was 
designated above by the expression 'Emergent'; but when we 
Ees 
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regard it from the point of view of timeless eternity (see page 271) 
it may equally well be described as ‘entelechy.’ In this great 
world sjTnphony, man finds himself immersed as a minutely 
small fraction of it; but on the other hand he is nevertheless able 
- and this is almost the greatest mystery of creation - to recog- 
nise his own part in it. Alongside himself he finds the other 
fixing beings, ‘each after his kind,’ that is, each as a peculiar and 
characteristic idea, if we regard matters for the moment from the 
point of view of theistic faith. The whole world thus becomes a 
hierarchy of objectivised ideas. 

The question whether, and to what degree this system might 
possibly be reproduced a priori by human logic, has already 
been discussed at length above. No further proof is necessary 
that this is quite hopeless at present in view of the multitude 
of fixing forms. For the present, we still stand like children 
before a table full of Christmas presents, and wonder ever and 
again at the infinite x'ariety of forms which fife has brought into 
being on the earth. But when we also remember that the same 
xxill to existence is also present in all this infinitude of living 
beings, the statement made above, that the world is a system of 
objectixised ideas, cannot but be felt as much too abstract and 
lifeless. The xvorld is not Logos alone, it is at the same time, and 
perhaps in its deepest nature, Eros, it is reason and will in one - 
this truth has become clear to most metaphysicians who haxx* 
thought about the cosmic problem. 

It appears to the author, who in this matter follows entirely in 
the footsteps of x'on Hartmann, to be wrong to lay especial stress 
on one rather than the other. Hegel and Plato were too exclu- 
six’ely logicians; Fichte, Schopenhauer, and Bergson were too 
xoluntarist. The truth is that there is no reason without xvill 
behind it, and no will without at least some glimmering of reason. 
Both are abstractions; reality, wherever we are able to take hold 
of it, is always both at the same time. 

At a later point, w'e shall once more return to these ultimate 
metaphysical questions, and to the problems of value xvhicli they 
raise. For the present, as this short discussion will no doubt 
have shown the reader, there remains only one question to discuss, 
namely what we know concerning the logic of organic forms. In 
other words, ran w-e attain to any kind of knowledge, as to xvhy 
these and no other forms of life exist upon our earth t This last 
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question may be attacked from a purely speculative point of 
view, that is to say, as a search for possible purely logical reasons 
that, if living beings exist at all, these must have precisely the 
forms which exist, or at any rate their general types. However, 
the vain speculations of earlier centuries have shown that no 
real knowledge is to be gained in this way**®*. Such knowledge 
first arose in the moment when the question was no longer 
attacked systematically, but historically; by asking whether 
we may possibly find an intelligible view of the origin of species, 
genera, families, etc., as a process taking place by naturcd law. 
To this question we must devote a few sections of our book, on 
account of its importance. 



VIII 


THE PROBLEM OF SPECIES 
AND THE DOCTRINE OF DESCENT 

In the discussion of this problem, we now assume the existence 
of life, and we only have to deal \iith the question whether we 
can form a picture of the development of this life into the over- 
whelming multitude of individual forms. A few years ago, this 
problem formed the centre of all general philosophical discussion 
concerning biological matters, and the first editions of this book 
were written under this influence. This may perhaps have 
influenced too strongly the manner of statement, but we will 
return to this point later on. Anyhow, an almost sudden reaction 
has taken place in biology, and the number of biologists who are 
busy with these questions is at the present time very small as 
compared with thirty years ago, when all the world was construct- 
ing genealogical tables, and giving ‘evolutionary explanations* of 
the biological phenomena which we observe to-day. That has 
happened which always happens, when a matter is approached 
with too great expectations; the subsequent disappointment is 
greater, the higher the original hopes, and the result is that the 
child is all too easily emptied out with the bath. No good what- 
ever is seen in the thing that before was praised up to heaven. 
This is true of political constitutions, as well as of man and of 
scientific theories. 

In the above we have already mentioned a small part of the liistoiy^ of 
our problem, its ver>^ latest phase. We need to say a few words concerning 
Its previous histor>% if we are to understand to-day's position.*®* The 
first who tried ^\ith success to bnng order and system into the apparently 
oven^'helming multitude of living forms was the well known Swedish 
biologist Linnaeus. His exact observations appeared at first to confirm 
eveiy'day experience tlial cluldren are always like their parents apart 
from small and unes.senual differences, and so Linnaeus put in the forefront 
of his systems tlie law. Tot sunt genera et species quot ab initio creatae sunt 
(there are as many genera and species, as were created from the beginning). 
Although he later noticed a very definite mingling of tlie boundaries in 
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many families of plants (for example, in the case of blackberry bushes), 
he held in principle to the law of the constancy of species, and his suc- 
cessors, for whom he very soon became an authority, followed him in this 
respect. 

A new and decisive impulse was given to the problem only when 
palaeontology developed in the course of the i8th century. 2®^ While 
hitherto the fossil remains of former plants and animals had been regarded 
merely as the play of nature, it was now gradually recognised that they 
were really the remains of living beings. But for the moment people were 
satisfied with the explanation that they had been drowned in the Deluge 
and that in this way, for example, shells came to be found at the summits of 
the Alps. Cuvier (1769-1832) was the first to alter entirely the view of 
this question, and he must be regarded as the real founder of palaeozoology. 
Cuvier, who had a gift unheard of in those days, for identifying the bones 
of animals, recognised that fossils were mostly beings totally different 
from those at present living, and that the earth therefore must have been 
peopled by a succession of quite different plants and animals. 

Unfortunately, he associated this entirely new discovery with an un- 
tenable theory of the lustory of this lost world, the 'catastrophe theor>’,’ 
according to which there had been successive periods of creation, at each 
of wliich an entirely new flora and fauna had been produced, to be radically 
destroyed each time by great catastrophes - Cuvier was thinking of 
volcanic events -the earth being re-peopled after settling down, by a 
new creation. 

An immediate and energetic opposition to this doctrine arose in geology 
from the 'neptumsts' (Lyell), who ascribed the transformation of the 
earth’s surface in the main, not to volcanic action, but to the slow but 
continuously effective activity of water (in which, as we know to-day, they 
were right); and in biology, Cuvier was now opposed by the founders of 
the theory of descent, Geoffroy St. Hilaire, Erasmus Darwin, Oken, Tre- 
viranus, and aoove all Lamarck. It is well known \Mth what interest 
Goethe followed the development of this battle in the laist years of his life. 
We shall have to return to the most important work of this epoch, Lamarck’s 
Philosophic zoologique (1809), later on. For the moment the new doctrine 
proved to have too small a foundation in experience to make its way into 
science itself; while in philosophy, the speculative school of Fichte, Schel- 
ling and Hegel reigned alone, and was the last to be willing to listen to such 
a realistic interpretation of the connexion between hvang forms (which 
they regarded purely ideally); an interpretation which seemed to them 
crudely materialistic.®®® 

.\ change of view was first brought about by the work of Charles Darwin, 
On the Origin of Species by Means of Natural Selection (1859). The further 
development is generally knowm and does not need to be discussed here. 
In these circumstances, the victory of the doctrine of descent meant the 
same thing as the victory of Darwinism, that is to say, the theory of 
selection. It was only much later that it was seen that one does not 
follow directly from the other. And while the last decades have brought a 
fairly sharp criticism of Darwinism itself, that is, the doctrine of natural 
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selection, to which we shall refer at length later on, the fundamental idea 
of descent has, in general, maintained its position.^®® 

With this we may leave the historical question and turn to the 
matter itself. The facts to be dealt with are as follows: The 
species of organism known to-day show an undoubted systematic 
connexion with one another, which is described by the words 
‘nearer or more distant relationship/ In other words, there is 
a ‘natural system' both of plants and animals, although it is not 
always so easy to find straight away. This systematic relation- 
ship requires a reason to be found for it, just as every other single 
fact of nature. We cannot be satisfied to say that it just is so, 
that we are naturally compelled to include the beast of prey, for 
example, in the families of dogs, cats, bears etc.; we are obliged 
to cLsk why these various species within a certain genus or family 
are so like one another that we are obliged to collect them 
into groups of this sort (here again, mere nominalist ‘thought 
economy' does not get us any further). 

On the other hand, palaeontology teaches us with equal cer- 
tainty, that at earlier periods in the earth’s history, other quite 
different varieties of plants and animals peopled the earth, 
though the general style of them began to approach that of our 
present-day flora and fauna in the tertiary period. Not only 
families, but whole classes and orders have died out, and new 
ones have arisen, and taking it all in all, in the earhest periods, 
the systematically lowest groups were as much in the majority as 
are to-day the higher and highest. These facts of palaeontology, 
which are beyond all doubt, require an explanation. We are 
promised an explanation by 

The Doctrine of Descent 

This explains the correspondences of systematic relationship 
by a descent from common ancestors, by common inheritance 
therefore, and the differences, which also exist, by assuming 
that along with the conservative effect of inheritance, other factors 
were at work, which produced changes. Although at first only 
small in degree, over long periods in the earth's history these 
finally result in very great changes, as is shown by the facts of 
palaeontology. This fundamental idea of every doctrine of 
descent must be firmly laid hold of. Without it the whole 
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doctrine is purposeless. For what it has to explain, is on the one 
hand the facts of systematic relationship, and on the other hand 
the transformation of species in the course of the earth's history. 

We cannot make it too clear from the start, that these funda- 
mental assumptions of the doctrine of descent involve no special 
presumptions concerning the way in which the transformation 
of species has taken place in individual cases, and concerning the 
causes of the changes. These two questions, the problems of 
genealogy and of factors, are questions by themselves, and although 
every theory of descent is naturally compelled to raise them, the 
doctrine of descent itself does not stand or fall by the answers that 
are given to them.®®® This remark is so important, because as 
already mentioned, the doctrine of descent was at first regarded 
by general opinion as, so to speak, identical with Darwinism, 
which in reality was a special theory of the factor problem, 
namely the theory of selection. 

Hence even to-day, both friend and enemy - at least outside 
the ranks of biologists - regard all criticism of Darwinism as a 
criticism of descent itself. Obviously this is totally false, since 
it by no means follows a priori, that the transformation of species 
assumed by the doctrine of descent must have taken place by 
means of the factors assumed by Darwin (selection etc.). We 
shall therefore separate these three problems here strictly, that 
of descent as such, its various modes, and its cause: for the present 
we will consider only the first. 

What reasons can the doctrine of descent produce in its favour, 
and what objections have been made to them. We will begin 
with an objection which has been raised frequently enough, and 
may even be raised to-day by rabid opponents of the w’hole 
doctrine of descent. It is said that this doctrine starts from two 
mutually incompatible assumptions. On the one hand, it calls 
upon heredity to explain the correspondences between related 
species. On the other hand, it denies the validity of the laws of 
hert ility by allowing species to be variable. 

This objection is obviously pure scholasticism, useless playing 
with concepts. The doctrine of descent in no way maintains, any 
more than does the whole science of heredity, that there are ab- 
solutely no factors which change inheritance, and that no pro- 
cesses of change in inheritance ever take place, but rather presumes 
the presence of such factors (what they are is a second question). 
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By at the same time maintaining that the law of inheritance 
usually holds, nothing more is meant than that the causes of 
change act at any rate slowly and perhaps also only occasionaJly, 
so that over short geological periods of time, no apparent change 
will take place. Matters may be much the same as with human 
manners and customs, which are frequently repeated for centuries 
from one generation to another, but nevertheless slowly change. 
Here also, conserv^ative forces and the forces of change act side 
by side without there being any question of contradiction. In any 
case, therefore, the doctrine of descent is not to be refuted in this 
simple manner. \Miat positive reasons has it to show in its favour ? 

\Ve may fairly begin with the material of palaeontology, since 



Development of the hand in the predecessors of the 
horse (From Hesse, Abstammungslehre und Darwin- 
ismus, Teubner, Leipzig) 

this, in the nature of things, is the most direct means of proof. 
Palaeontology^ proves, as we have already shortly pointed out, a 
general upward development of species on the earth. The fact 
that single groups of a higher order appeared very early, and that 
conversely a few low groups that appeared very early are still 
living to-day, does not alter this general picture. But beyond 
this, palaeontology can show, at least in individual cases, direct 
series of steps in the transformation of certain organs, the best 
known being that of the horse, where we have a series of limbs of 
the ancestors of this animal (Fig. 67), and further, the famous 
Steinheim snails. 

It is true that great care is necessary, for in numerous cases of 
this kind, in which a well ascertained series of forms w^as believed 
to have been found, the subsequent investigation showed that 
matters were considerably more complicated. We now distin- 
guish, following Abel,®®^ ancestral series, and step series. The 
former refer to the whole animal or plant, the latter only to ^ single 
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organ. We can only expect to find an ancestral series when the 
whole development takes place in the same locality. But this will 
only rarely be the case, especially with animals which wander 
about, or are passively carried to other places. In such cases - 
which form the rule, the case may be, for example, that several 
branches proceed from one ancestral form, which we may express 
by the following scheme 

Supposing now that a certain organ, for example the foot, 
changes in the first of the branches slowest, and in the last of them 
quickest, the change taking place approximately in the same direc- 
tion, (see below page 475). c is then the most backward, g the 
most advanced in development, and we should have then, in com- 
paring this organ only a step series, a — c — e — g. But if at the 


same time, c is most advanced in a certain direction 
in the specialisation of teeth, we should have an 
entirely different order a — g — e — c: any other 


b— c 
d— e 
f— g 


organ may again give us another series of steps. 

Such cross-overs in specialisation makes it very difficult to re- 
construct the original course of affairs. To this must be added 
that, according to Mendel's laws above discussed, the formation 
of new Mendelian combinations in any case lies within the bounds 
of possibility, and that there is then no further possibility of an 
actual genealogical table; we have rather a network of Mendelian 
heredity factors all mixed up together. 

These reasons are quite sufficient to explain why the great 
majority of palaeontological documents which were originally 
taken for ancestral series, have turned out on closer investigation 
to be merely step series. As far as I am aware, no uncontested 
example of a true ancestral series is known, even the one longest 
believed to be genuine, that of the Steinheim snails, has been chal- 
lenged on several sides. We are here plunged involuntarily 
into the problem of the genealogical tree. The reader will 
recognise why this is; in a scientific investigation it is impossible 
not ti" go into the detailed facts, since the total result is really 
determined by an exact and careful valuation of them. Hence 
all that we are able to say for the present is that palaeontology 
certainly gives us proof of the slow transformation of single organs 
in numerous step series. But w'hat changes have taken place in 
the whole animal or plant, at the same time, must be specially 
determined to each special case. 
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A further objection to the doctrine of descent follows im- 
mediately upon this. If, as the older (Darwinian) form of the 
doctrine of descent hastily assumed, there is an almost con- 
tinuous process of change, in which species made small steps from 
one millenium to the next, the sum of which small steps only 
became evident after periods of time - hundreds of thousands of 
years at least - palaeontology, it was objected, should present 
an entirely different picture from the one which it actually does 
present. For in palaeontology we cannot really find any traces 
of continuous transformations. We find again and again dozens 
or even hundreds of fossils of the same sort, but never aU possible 
connecting links between different species. 

Wlien for example, the famous fossil Archaeopteryx was taken 
to be the link between reptiles and birds, one might really 
expect, if enough fossils were found, to find all the possible 
intermediate stages of this transformation. But one might wager 
a hundred to one, that, if a dozen new examples were found, 
these would all belong to the type already known; or perhaps, in 
part, to some other similar type, but then again to the same other 
type; for the whole of palaeontological facts are of this nature. 

This is undoubtedly true, and hence the conclusion is also true, 
that the process of the formation of species cannot have taken 
place in the simple way assumed in the primitive form of the doc- 
trine of descent. It is practically certain, assuming descent to be 
true, that the transitions took place in comparatively short time, 
if the change from one type to another was continuous at all; 
or that the transition was not continuous, but definitely discon- 
tinuous in nature; in other words, that the alterations must have 
taken place in fairly large jumps. The latter is the more probable, 
as we shall see later. But it is obvious that we can only speak 
with certainty when w^e have a fair grasp of the problem of factors, 
and w^e likewise must recognise, that wfrile in principle the doc- 
trine of descent as such is independent both of the latter problem 
and of the problem of genealogy, it cannot in practice be argued in 
detail without reference to these problems. 

Taking it all round, it must be admitted that palaeontology 
leaves the doctrine of descent, as regards the points last mentioned, 
very' much in the lurch, although one ought not to assert that 
what has been found contradicts descent. But descent receives 
an argument in its favour from a further group of facts, to which 
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we must now turn, namely the investigation of the present form 
of organic life. We shall see that our palaeontological knowledge 
is still very faulty, so that the absence of connecting links, as is 
very often the case over very long stretches, is easily understood. 

This second argument consists in the citation of a large number 
of anatomical and morphological facts which cannot be imder- 
stood in any way than by the assumption of a previous extensive 
reconstruction of animal or plant organs. These facts may be 
divided into three sub-groups which are, however, connected to- 
gether by links. The first group is formed by the facts of com- 
parative anatomy, the second by the so-called rudimentary 
organs (which may also naturally be reckoned as a part of com- 
parative anatomy), and the third by the facts of embryology. 
A few short remarks must suffice here, since these facts are in all 
biological school books. If we compare, for example, the fore- 
limbs of the various groups of vertebrates, particularly the mam- 
malian orders and families, it strikes us at once that they are all 
built on the same lines, no matter whether they form ordinary 
legs for walking, or wings (birds), flying membranes (bats), 
flippers (penguins), excavating organs (mole) etc. We find always 
the same bones in them, although often misformed and degener- 
ate, the toes only varying, according to necessity, between one and 
five. These relationships cannot be understood in any other way 
than by assuming that the speciahsed organs have developed from 
a more or less fundamental type. 

These transformations or organs may, in certain circumstances, 
also take place in a negative direction, the organs becoming almost 
or quite incapable of functioning, if they are not used. We then 
speak of rudimentary organs, such for example as the eyes of the 
mole (in the case of south European species they have quite dis- 
appeared, in our mole they lie under the skin), the shoulder bones 
of the blind-worm, the pelvis of snakes and whales, the legs of 
numerous varieties of lizards (chalcis, chirotes, scheltopucik), etc., 
etc It would be simply incomprehensible from the point of view 
of a strict constancy ofspecies, how these animals could have come 
by these poor remnants of otherwise useful organs, if they were 
not the remains of the former possessions of their ancestors. 

As soon however as we admit this, we have to admit, if we are 
consistent, that organisms are capable of exhibiting much greater 
variability than we should be inclined to suppose from our short 
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experience. If a four-footed mammal can develop into so com- 
paratively perfect a marine animal as a whale, no chance, however 
great, can be regarded straightaway as impossible. Between 
what the forefathers of the whale must have been, and the whales 
of to-day, there is a considerably greater difference than between 
the forefathers that the doctrine of descent has to assume for 
kno\ra species, and these latter themselves. Up to a short time 
ago, we actually had no palaeontological evidence of such a 
transformation of the whale. Only a few years ago, skeletons 
v’ere found in Egypt of animals which must be regarded as the 
ancestors of the present whale, and show a fairly complete series 
of steps in the degeneration of the limbs. And yet, previously to 
this discovery, an examination of living animals positively forced 
us to conclude that transformation had taken place. Are we not 
justified in drawing by analogy from this case a conclusion con- 
cerning the incompleteness of our palaeontological knowledge ? 

The phenomenon of rudimentary organs is certainly the most 
convincing argument in favour of descent, since transformation 
in this case — and in some cases a very thorough transformation — 
is entirely obvious. The most convincing case of this argument 
is where the reduction of the organs takes place, as it were, under 
our e3’es during embryonic development. Thus for example, 
calves have as embrj'os the normal number of teeth in the upper 
jaw, which however disappear before birth (the upper jaw of full 
grown cattle is onlj^ covered with a plate of horn, which has quite 
a different origin). In the same wa3^ the whalebone whales have 
as embryos at least sockets for teeth, whereas the grown animals 
have whalebone, that is to say, horny projections from the gums, 
which serv’e as sieves and have nothing to do with teeth. 

We have a further particularly striking example in the rudi- 
mentary^ hind legs of the embryo viper, which in this case likewise 
entirely disappear, w^hereas adult giant snakes still retain rudi- 
ments of them. Furthermore, the development of the circulatory 
system (to be found in any text-book of embryology or general 
biology) in the higher vertebrates (mammals, birds) shows in a 
very characteristic manner the first beginnings of the gill arteries 
of a fish with two or more branches on each side of the aorta, of 
which subsequently only one remains on one side only. 

These facts of embryology are more generally formulated in 
Haeckels fundamental law of biogenesis. This states that 
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ontogeny is a repetition of phytogeny, more correctly that during the 
development of the individual we frequently find striking echoes 
of the ancestral stages postulated by the theory of descent. The 
most famous example of this kind is that of the transformation 
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Fig. 68 

Embryos at three different ages (from Hesse) 

of the gill clefts connected with the above mentioned reconstruc- 
tion of the circulatory system, which is also plainly seen in the case 
of the human embryo (figure 68). 
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Connecting all these facts - a true impression of their full im- 
plication can only be got from closer study, and not from the few 
references which we have space to give here - we receive, taking it 
all in all, an overwhelming impression of the indispensability of 
descent as the only possible explanation of the facts. This is not 
changed by the discovery that the ‘biogenetic* law above men- 
tioned is not (as Haeckel thought) a strict law, but really only a 
rule, to which there are many exceptions. Cases analogous to 
those mentioned are much too numerous to depend upon chance, 
and we are led by this road to far-reaching conclusions concerning 
the possible ancestral stages of the beings in question, though we 
have to bear in mind that such conclusions, since they are for the 
present hjq)othetical, need further confirmation by other means. 
In this respect, the doctrine of descent forms no exception to the 
general rule that scientific knowledge can only be reached by the 
convergence of results to some degree of certainty. 

WTiat we have said hitherto practically exhausts the direct 
grounds for believing in descent. To these must be added a whole 
number of more indirect and general grounds. Among the chief 
of the indirect (not direct, as many suppose) grounds is the so- 
called 'biological reaction’ or 'blood reaction’. We have already 
spoken several times of the fact that every species possesses its 
o^^^l kind of protoplasm. It is not possible to give experimental 
proof of this by the usual chemical methods, since we have too 
little knowledge of the protein constituents of protoplasm; but we 
owe to Uhlenhuth, Friedenthal, Nuttal, and others, methods which 
allow indiWdual forms of protoplasm to be recognised no less 
sharply than by a chemical reaction. These methods arc, by the 
way, also used in forensic medicine, to distinguish, for example, 
between human and animal blood. The process is, shortly, some- 
what as follows. 

It had been observed, that, w^hen an animal is injected with 
blood from another species, more or less serious toxic phenomena 
appear, similar to those produced by the invasion of micro- 
organisms (pathogenic bacteria). We know to-day (see above, 
page 307), that, in the latter case, the toxic effects are pro- 
duced by certain substances (toxins), secreted by the bacilli. In 
all these cases the body fights against the attack by producing 
wiidt are called 'antibodies' (antitoxin, precipitin and bacterioly- 
sin, agglutinin etc.), which in some way or other render the poison 
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introduced, or the bacteria producing it, harmless. Since these 
antibodies are mostly produced in excess, the organism is then 
armed against further injury of the same kind, it acquires 'immu- 
nity.' We are not yet able to isolate these antibodies from the 
blood of the injected animal, but they can at least be obtained in a 
clear colourless solution, when the blood is freed from its suspended 
red corpuscles, say by centrifuging. The resulting colourless 
liquid is called blood serum (hence also diphtheria serum, for 
example). 

Let us now suppose an experiment carried out as follows. A 
guinea pig is injected with a dose of human blood, naturally not 
large enough to cause its death from the poisonous properties of 
human blood for guinea pigs. It then overcomes the poisonous 
effect by the production of antibodies in its own blood. This is 
several times repeated with ever increasing doses. The animal 
finally endures injections of a quantity of human blood sufficient 
to kill ten or even more animals not accustomed in this gradual 
manner to it. Its blood, which is now rich in antibodies protect- 
ing against human blood plasm, is freed from its solid and we have 
these antibodies in a clear serum. If this serum is now mixed with 
equally clear human blood serum, a turbidity is immediately 
formed and a precipitate falls dowm. This reaction does not 
take place when the guinea pig blood is taken from animals which 
have not been previously treated with human blood. 

The reaction is to be regarded as the effect which the protective 
antibodies also have in the blood of the hving animal upon the 
proteins from another species (man). They throw it down in an 
insoluble and hence uninjurious form. The same experiment has 
been carried out with a large number of different animals, and it 
has been found that the reaction is always specific, that is to say, 
that it only indicates the particular foreign blood with which the 
experimental animal in question has been previously treated (in 
our example, human blood). 

Aim^ all the same, the reaction is not strictly specific. If the 
blood serum of a species closely related systematically to the 
species used for treatment is taken, the reaction takes place in a 
less degree. If the guinea pig, for example, has been treated with 
dog blood, the blood reaction also takes place with w olf blood, and 
also to a less extent with fox and jackal blood ; indeed, the degree 
of a turbidity indicates, generally speaking, the degree of the 
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systematic relationship. Thus the reaction takes place almost as 
strongly with the blood of the anthropoid apes as with human 
blood. It is true that there are certain exceptions to this general 
rule.*®^ 

It is natunilly impossible to derive from these blood tests, as 
the ix)pular fanatics of descent have done, direct proof of the 
relationships of organisms. For the blood relationship which 
thej’ prove, that is to say the chemical similarity of blood, is of 
course something quite different from the blood relationship of 
the doctrine of descent. To confuse one with another is to be 
guilty of a quiiUrnio ttrminorum. It is equally inadmissible, also, 
to regard it, as certain anti-descent fanatics have done, as a direct 
proof of the fallacy of descent, the argument being that the blood 
reaction proves the chemical difference even between closely 
related species as regards their protoplasm. There is of course 
no continuous transition between two different kinds of molecules, 
thus grape sugar is grape sugar, and vanillin is vanillin, and noth- 
ing else. Hence, it was argued, there is no transition from one 
species to another. 

This conclusion is absurd, for the reason that the whole of 
chemistiy’ has to do with nothing else but the transformation of 
one sul stance into another. And even continuity might Ik‘ 
retained in the process, if a molecule A were transformed in in- 
creasing proportions into a molecule B, so that between 100 A 
and and A and ioo^‘o H there would l>e a continuous 

range of steps. We mu-t even quite seriously assume such trans- 
formations in the mutations which we shall discuss later. 

A further indirect proof of the doctrine of descent - when con- 
sidered more closely, one of the most striking - is the way in which 
it illuminates numerous facts of the geographical occurrence of 
animals and plants, more especially the flora and fauna of isolated 
islands. Also, the geographical distribution of animals and plants 
at sharp Ixiundaries such as are formed by high mountain ranges 
(the Andes), or seas or arms of the sea, offer very' cogent examples. 
A well known case is the correspondence between the American 
and African mammalian fauna (camel -lama, lion - puma). 
Much more fertile in results is a comparison between the muss<‘Ls 
in the gulf of Mexico with those on the other side in the i^acific, 
or a comparison of the flora on the two sides of the Andes, 'fhe 
dextrine of descent, combined with geology, easily explains all 
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these matters by the assumption of common ancestors at a time 
when the cause of separation did not yet exist. 

Let us content ourselves with these indirect proofs, although 
there are many others of the kind, and ask ourselves finally, what 
general grounds can be brought forward in favour of, or against, 
descent. Here we are more than ever compelled to say, that 
every general and unprejudiced consideration speaks on behalf of 
the only doctrine which could lead to a scientific comprehension 
of the way in which the world of living organisms has come into 
existence. Since the whole of biological research has proved the 
absolute validity of the law omne vivum ex ovo, and since spontane- 
ous generation could only be held as, at the very most, a hypo- 
thesis concerning the first production of the simplest cells, we are 
left with no choice regarding the origin of species but that between 
descent or continued acts of creation. There can be no doubt 
which of these possibilities most appeals to science. 

But we may also consider without prejudice, what advantage" 
religion might be supposed to gain by sticking to the serond sup- 
jx)sition. Is it reaUy so particularly religious to imagine God 
continually interfering afresh with creation ? Is theism supposed 
to consist in God entering as often as possible as cause, where our 
knowledge fails us, and have therefore the defenders of theism 
nothing better to do than to track down as many such ‘ inexplic- 
able’ secrets as possible, and proclaim them to the world ? This 
is not in reality tlieism, but multiplied deism. We have already 
said above, all that need be said about this matter, and will spare 
ourselves the trouble of repeating it here. But I cannot suppress 
the observation that it aj>pears to me an idea little worthy of a 
Christian conception of God, when it is supposed that he creaicvl 
the aforementioned whales, snakes, calves etc,, with all their 
rudimentary organs and their embryological degeneration, exactly 
us they are. Wliat is supposed to be His purpose ? Perhaps 
to lead the scientists of our day into certain and unavoidable 
error ? 

If there are no other reasons in the narrower sense of Christian 
dogma which oppose the adoption of descent, particularly for 
mankind, it is not easy to see why so much opposition has come 
from tliis side even up to to-day. There is not the slightest reason 
for theism in general to dictate to God in what way He is to 
produce individual species: the decision on this point, like any 

l‘FS 
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question regarding special things in the world, may be left to 
science. 

Our whole previous discussion has been concerned solely with 
descent as sucli; that is, witli ‘whether or not', but not with 'how,' 
and by what factors.' Let us consider these questions somewhat 
more closely. As regards the 'how' of genealogy, a few words are 
enough. It is relatively a matter of indifference, from the general 
philosophical point of view, how we are to arrange individual 
genealogies - it may be left to science to produce the results which 
appear most probable. At present things are in confusion in this 
respect, as soon as we leave the narrower circles of the families 
and certainly when we go beyond classes; the results of the em- 
brjologists, the systematics and the palaeontologists not infre- 
quently contradict one another directly.*®^ For example, there 
is still no agreement yet on the question as to whether birds des- 
cended from reptiles, or whether both descended in parallel from 
common ancestors, although the first hypothesis is preferred. 

It is perhaps false to make the common assumption of a tree 
^genealogical tree) branching in the usual manner, as already 
pointed out on page 441, for we might also imagine that the com- 
mon characters of two diflerent species (say hon or puma) go back 
to origmal like inheritance, but that the differences between them 
by no means come from the same source, modified by circum- 
stances, in one case in one direction, in a sc‘Cond in another. 
The:>e differences might very' easily be inheritances coming 
from diflerent sources, which have combined in one case in one 
way, m another case in a different way, with the common 
inheritance. The genealogies of the two species, when followed 
backwards, would then converge as regards common qualities, 
but would diverge in respect of other quahties, so that there could 
be no question of a simple division. 

In addition to this branching and crossing over of the heredity, 
we should have the fact that both w'hat was common, as well as 
what was not common to the two species, could be altered by en- 
vironment in a manner to be discussed below. A multitude of 
possibihties thus exists, which have not been considered by the 
ordinary form of the doctrine of descent, and we must therefore 
admit that the genealogical trees, once so cheerfully constructed, 
give a picture which has little correspondence with reality. But 
we may leave tliis question to take care of itself, as also that as to 
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whether the whole organic world has sprung from one or several 
roots (mono- or poly-phyletic hypothesis). For the present we 
cannot say anything at all with any certainty. Ignoramus sed non 
ignorabimus. But the most important question of the theory of 
descent is the second question, which we will now have to consider 
more closely. 



IX 


THE DRIVING FORCES 
IN THE FORMATION OF SPECIES 

All investigators to-day (with scarcely an exception) are agreed 
concerning the truth of descent. But when we come to the causes 
of transformation, opinions differ entirely. Only the total neglect 
of these, as well as all other deep biological questions in the cur- 
ricula of most of our higher schools,* explains the depressing fact 
that the great majority of educated people are not in the least 
clear concerning the great differences between the question of 
descent generally and that of its causative factors. For most of 
them, the doctrine of descent means the same as Danvini^m, that 
is. a quite definite answer to the particular problem which we are 
now alx^ut to discuss. Still wors<\ naturally, is the definition, 
still ver\’ widespread, of descent 'or' Danvinism as the dcxrtrine 
that men are descended from monkeys. As if there were only 
monkeys and men in the world of living things -* (juite apart from 
the fact that hardly any theorist of descent to-day would uj)huld 
such a view. 

W’e take up again at this i>r»int the short historical summary 
given alxn'e. The first attempt at a more gener»il foundation uf 
the theory* of descent was made, as already nu ntioned, by I^imarck 
in tils Phtlo^'fhie [:iqu€ in tlie year iNx). Ih* attempted 
to give an account of tlie manner and the mean> ux-d by nature 
in the prrxc'^s of transformation. Lamarck's explanation starts 
frr.m the obw rv'ation tliat the u>e of organ.-, strengthens them and 
their de-a‘X' weakens them. We may think of the jxnveiful aim 
muscles of gymnasts and athletes, on the oilier liaiifl of the weak 
muscles of lazy j^ ople, etc. These* ol>servalions lead I.amaick to 
imagine the pro<hiction of the giraffe’s long n<*<*k as follows at a 
time uljen a great drought existed in paits of Africa, the ancestors 

• hui and Man>%nd hv n \ Mi Ch.ijv 
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of the present day giraffes stretched their necks as far as possible 
in order to reach the higher leaves of the trees. Those which were 
most successful in doing this had the best chance of survival and 
of producing offspring, other things being equal. The latter in- 
herited a small part of this power of stretching the neck which had 
been produced by practice, and the process being repeated in like 
manner, the length of the neck continued to increase until it finally 
reached its present abnormal size. Along with such a change, 
also, as Lamarck likewise pointed out, many other necessary 
changes (co-adaptations) also take place, in the case of giraffes 
for example, changes in the build of the body and the forelegs, 
which then are also bred in the same way. 

The reasons why Lamarck's w^ork did not have wide-spread 
success have been shortly indicated above. Success was first 
obtained for the doctrine of descent by the work of Darwin, which 
appeared exactly fifty years later. Darwin's fundamental idea 
is the principle of the selection of the fittest by the stniggle for 
existence, shortly called the selection principle. Illustrating this 
in connection with Lamarck's example of the giraffe, Darwin does 
not start w ith the direct adaptation of the individual, but with the 
fnet that among young of the same parents there w^ill alw’ays be 
some animals ha\ing longer necks than others, since none of the 
descendants is ever exactly like any other. Those having the 
longest necks have the greatest chance to survive. And thus in 
the next generation there is already a shght increase in the 
average length of neck, and this increase is maintained by inheri- 
tance, and still further enlarged by selection. 

The observational material upon which Darwin based his work 
is extiaordinaiily rich, and this accounts in part for his success. 
Individual variation is an unquesMoned fact, and it is equally 
unquestioned that, of the enormous excess of offspring produced 
in almost the wiiole of the plant and animal world, only a very' 
small fraction can survive and attain to reproduction, for other- 
w’ise the offspring of a single species w'ould very quickly fill up the 
V hole earth, riiere must therefore be wholesale destruction by 
injurious influences of every kind, and therefore, the assumption 
that those individuals best suited to the circumstances would on 
the average liave the best of it, is certainly not to be dismissed 
straight away (see below\ page 479). The conception of the 
struggle for existence is also to be taken as widely as possible. 
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It may exist also in the case of entirely pacific animals, and of 
plants, for the simple reason that one may take light, air, space, 
and nourishment from another. 

Apart from these two fundamental facts, Darwin also brought 
forward a large number of particular observations, above all, the 
experiences of the breeders of animals and plants, who likewise 
obtain their results by the process of selection ; and furthermore a 
large number of indi\idual adaptations and geographical facts 
concerning plants and animals, etc., into which we cannot go here. 
Almost at the same time as Dan\*in, and independently of him, 
another English worker, Wallace, also thought of the principle of 
natural selection. 

The incredible rapidity with w'hich Darwinism - and in those 
days this meant the same thing as the doctrine of descent - won 
the day is only to be understood, when we take into account the 
whole intellectual position of that time; the collapse of speculative 
Xaturpliilosoplnc, and the penetration of pure empiricism into 
science, with a resulting return to materialistic tendencies; the 
universal progress of industrialisation among European nations, 
with the corresponding apfX‘arance of the ‘social’ question. 
Taking it all together, it was a new* philosophy of life which 
appeared to be then in progress of formation, a philosophy of the 
pure 'here and now’ of pledged enmity to all speculative philo- 
sophising, to all belief in transcendental reasons or purposes of the 
world, -at the time of a determined struggle for existence in 
economic life as well 

Friends as well as opponents of tliis view of life recognised the 
importance to be attached to Darwin’s principle, which undertook 
to explain the pK»duction of useful adaj)lations by mechanical 
means, by the blind play of chance and automatic necessity. In 
a short time therefore the battle was l^eing conductrd with a 
fierceness which the intellectual hLstory’ of mankind can only show 
in rare cas<\s, and its rejXTCUs.sion.s still continue up to to-day. 
It is not surprising that both main branches of the Christian church 
attacked the new doctrine in the sharj)e^st |Ki.ssible manner, since 
It had been greeted with jubilation from the very Ixginning by all 
opf)onents of ecclesiastical teaching, although this w^as certainly 
far from Darwin's intention. 

On the C)thcT hand, this resistance of the Churclies to what was 
in any case a scientific doctrine deserving of serious consideration, 
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produced a rapid desertion by educated people of organised re- 
ligion, while at the same time the working classes accustomed 
themselves to regard Darwin's doctrine as the scientific foundation 
for the teachings of their two prophets Marx and Lassalle (econo- 
mic materialism). It is well known what an important part was 
played in this whole development by popular philosophers and 
scientists such as L. Buckner, Vogt, Moleschott and above all 
Ernst Haeckel. The few in the scientific camp who stood out 
against this general current (Wigand, Nageli and others) were 
passed by or dismissed with a shrug of the shoulders. 

The doctrine of descent, and Darwinism, melted into one as far 
as the public was concerned, and Darwin's original scientific 
hypothesis became overnight a world principle, which was not 
only to explain the formation of species, but finally, almost the 
whole world process.^®® In particular, it was soon regarded as 
settl(‘d. that the whole of human civilisation was also a matter of 
development with selection of the fittest. Art, morality, and last 
but not least science itself, appeared as the products of selection 
in a struggle for existence. Pragmatism, an American doctrine, 
was the final development of these ideas in epistemology. (Ac- 
cording to it, ‘taking anything to be true' is a biological reaction; 
we hold anything to be true, if and because this behaviour is useful 
to us or to the species.) We shall return to these general philo- 
sophical conclusions later, but for the present wall remain on the 
purely scientific ground. 

Criticism dared to attack this apparently firm structure only 
timidly and slowly. We must deny ourselves the interest of 
following it historically; we will instead deal with the questions 
purely on their natural order, and thus at the same time become 
acquainted with the other attempts to solve the problem of des- 
ct‘nt which exist to-day. The fascinating apparent simplicity of 
Darwinism has l(>ng ago given place to an enormous complexity. 
Innumerable investigations, above aU in experimental biologv’, but 
also in pure morpholog^^ embryology’, ecology, etc. must be taken 

U) account to-day. It is an extremely foolish and unjustifiable 
procedure, when in popular W’orks matters are so stated, as if Dar- 
win's principle of selection really settles all fundamental p)oints. 
Without considerable knowledge, first of all of modem investigations 
into heredity, true insight into the problem is not to be thought of. 
We will first consider the problem of the inheritance of variability. 



X 


VARIABILITY AND ITS INHERITANCE 

Naturall}’, we must limit ourselves to the most important 
matters. Darwin’s doctrine takes, as material upon which 
selection acts, mainly the so-called individual variation. In- 
dustrious investigation in the last decades has shown that this 
concept is not by any means unambiguous, but on the contrary, 
includes a whole number of diflerent phenomena whic h depend 
upon completeh’ different causes. 

First of all we must note, that a large number of individual 
differences are to be explained, as discussed above under Mendel- 
ism (see page 366), as the breaking up or recombination of Men- 
delian characters. We then saw that entirely new spi'cies might 
arise by the production of new combinations of the inheritance 
units or 'genes’ as is the usual expression. Differences of this kind 
are obviously transmissible in the same manner. On the otlier 
hand, the laborious investigations of Jordan, Johannsen, and 
others have brought to light a result of fundamental importance, 
that what we regard without question as a specu‘S of animal or 
plant, such as we have in nature in a b(‘an field, or a flock of sheep, 
simply represents a collective notion In reality, every such 
{X)pulation is made up of a large number of ele mentary sjxrc les and 
these again of so-called 'pure lines,' therc^ being also a lar g* numbef 
'T mixed or h\brid forms. Since on account of sc xual n-piotluc- 
tion and the resulting continual mixture of inherited factors, the 
state of affairs in the case of almost all animals and incest plants 
IS almost impenetrably complicated, thesi* exjH riments have U e n 
done by prefcTcnce on such j>lants as an- i)urelv M‘lf fcu-tihsing. 
and hence do not prc>duce hybrids. 

In order to unde rstand Joliannsen's exjKTimental results, which 
are also of impc^rtance for practical lireedmg pur{x)s<*s, we must 
discuss the iK/tion of .«K/-called 'fluctuating variations. ' If wc* 
compare the progeny which result from a single lx*an after erne <cr 
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several generations (with strict inbreeding), in regard, say, to the 
length or the weight of the seeds, by dividing these into classes 
with a difference, say, of i mm. between them, we get the following 
figures, for example.*®® Of a total of 450 beans the following 
results were obtained: 

Length . . 8 9 10 ii 13 14 15 16 mm. 

Number of 

this length . . i 2 23 108 i 6 y 106 33 7 i 

(10 mm. means here between 9.5 and 10.5) 

We see directly from this, that the middle length {12 mm.) occurs 
the most frequently, while those greater or smaller, the plus or 
minus variants as they are called, are the rarer the further the 
length in question departs from the average. Series of figures 
of this kind are also obtained by pure chance according to the laws 
of probability, for example in the apparatus shown in figure 69. 



(tal ton's chanct* apparatus 

In this <ipparatus marbles are allowed to roll through the funnel 
at the top, and t ach one able to go to the right or left ot every 
nail that is in its way. The numlx*! of marbles which collect 
in the compartment at the bottom are those corres{X)nding to the 
law first discovered by Quetelet (i^'Ji) in connection with variations 
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of human characteristics. This law is easily stated in mathe- 
matical form (binomial law), and can be deduced from the theory 
of probability. 

Those fluctuating variations have for their prime cause the 
unequal amount of food obtained by each individual. But they 
are in no way inheritable, for the progeny bred from minus vari- 
ants always gives the same curve of distribution as that derived 
from the mean or the plus v'ariants, assuming the food conditions 
to be the same; this is true even of the most extreme variants at 
either end of the series, and is not altered by selection continued 
through generation after generation, as Johannsen showed in 
experiments extending over many years. More or less plentiful 
food supply naturally shifted the whole distribution curve in the 
direction of the plus or minus variants, but nothing was changed 
as regards inheritance. 

A series of this kind is called by Johannsen a pure line, and he 
was able to show that an ordinary’' bean population consisted of 
many such pure lines mixed together, so that tlie individual varia- 
tions that we observe in them are actually the result of two quite 
different phenomena mixed together. A certain l(*ngth of bean 
may then be equally well a minus variant of one pure line, a plus 
\*ariant of another, or the mean of a tliird, and conversely the 
difference in the length of two lx*ans may either be due to their 
Ih'ing fluctuating variants of the same line, or to their belonging 
to different lines. If now in the case of plants and animals wliich 
are not self-hrtih>ing we consider the effect of tlie innumerable 
crossings of the pure lines, we see how extraordinarily complicated 
the fxjsiticm of aftairs is, which Darwin regarded simply ‘Vs the 
single notion of individual variation. 

A further point must be considered. Darwin had notictnl, that 
along.>i(ie a[)parently arbitrary variations whicli takr place in 
♦ very J)o.'^slb]e direction and which he assumed to be inherited, 
although he could not prove it, particularly large and onc-sidefl 
variations or cur. Darwin gives two well ascertained cases of this, 
which cxcurred in the years 17(^1 ancl 182H, namely the birth of two 
rams with cjuile abnormal legs in one casc‘ and abnormal hair in 
the other, their qualities in each case* pas.sing unchanged to their 
progeny, whif.h they produced in great numlxTs, with the result 
that quite ne w races were formed. Sue h cases have lx*<tn oliscrved 
still more frequently in phint breeding; thus for example, the first 
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double petunia is known to have appeared in 1855 in a palace 
garden, and it became the progenitor of all subsequent examples. 

Sudden variations of this kind, which are inherited in a constant 
form and include many inherited malformations, are called to-day 
'mutations,' following de Vries. He observed in a number of 
evening primrose plants {Oenothera Lamarckiana) in the neighbour- 
hood of Amsterdam, the sudden appearance of quite a number of 
sub-species, the characters of which were apparently transmitted 
with constancy (figure 70, opp. page 461). He called these mutations, 
and built upon this observation a new theory of descent, distin- 
guishing sharply inheritable changes of this kind and fluctuating 
variations which are not inheritable. The struggle for existence 
was only supp)osed to take place between the first. Follo^^ing 
upon this, de Vries became one of the rediscoverers of Mendel’s 
rules (1905). 

As a matter of fact, later investigation of de Vries's original 
evening primrose has shovsTi that in the case of this plant it was 
not in any way a production of new inheritance factors that took 
place, but a Mcndelian rearrangement (Renner), and every’ case 
of the kind naturally gives rise to the same suspicion. But the 
possibility exists of deciding the question by careful hybridisation 
experiments, and in other cases true mutation, erroneously 
assumed by de \>ies originally, has been found as a genuine and 
sudden change in the inheritance factors of single individuals 
forming part of otherwise constant stock. 

For these reasons a strict distinction is dra\Mr to-day between 
the three following kinds of variability; first the fluctuating varia- 
tions or 'paravariations' above discussed, which are not inherited, 
but simply different forms of the ‘phenotype’ (see page 4b<>i, 
resulting from different environmental conditions, the ‘genotype’ 
remaining the same Secondly we liave ‘mixovariations’, that is, 
Mendelian combinations; these are inherited, it is true, but they 
likewise offer no sufficient basis for a theory of descent, since they 
obviously never produce anything really new, but always new com- 
binations of what already exists, though these combinations may 
be almost unlimited in number. Thirdly, we have real mutations 
or ‘idiovariations,’ that is real changes in the germ plasm, and 
these changes are inherited. It is clear that a theory of descent 
can only operate with inherited variations. The question which 
first concerns us is, therefore, how’ such new inheritance units can 
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be produced, and how we are to imagine their production in the 
course of the earth's history. This question is of such funda- 
mental importance that we must discuss it at greater length than 
in pre\ious editions. The central point of it is the problem of the 
inheritaKce of acquired characteristics'^^ 

In order to be able to regard this problem from all sides, we 
must bring forward some further facts, that might equally wvll 
have Ix^en given above under the heading of inheritance. We may 
first of all once more point out expressly that the genotype, that 
is, the totality of the inheritance factors of an individual, does not 
represent a sum of certain final characters, but a sum of ‘potencies’ 
which enable the individual in question to react in a certain way 
under certain definite conditions of environment. 

We may give an especially impressive example of this. The 
Chinese primrose blooms, as we all know, in our part of the world 
in a white and a red variety (which can be used like Mendel’s peas 
for hybridisation experiments), but by keeping the red variety in 
a hot house at a very’ high temperature, it is possible to obtain a 
white instead of a red flower. Its phenotype is thus changed ; 
it is now, apart from the small differences Ix'tween the two varie- 
ties, like the phenotvpe of the other race Nevertheless, the 
genotype is completely unchanged, and remains so for however 
long cultivation at high temperature is carried on. As soon as the 
progeny of the normal plant is brought back to normal conditions, 
the red flower appears again. We sec therefore that the inherit- 
ance factor in question (the ‘gene’ as the Mendelian experimenter 
calls it) is not the red flower as such, but only the* power of forming 
red at normal temperatures, but white at higher tcrnptTatures. 

At the same time, the experiment is an impressive deinonstrii- 
tion of the fact that, just as in Johannsen’s beans and other 
hundreds of other .similar experiments, the changes produc rd by 
environmental conditions (para variations) apparently mak(‘ no 
change in the genot}’pe. It remains as it is, for howt*ver long a 
time the phenotj’pe may be altered by abnormal conditions. Tliis 
would appear to lead directly to the non-inheritance of acquired 
characteristics of the phenotype. But let us first see wliat further 
facts are known. 

A vast number of experiments have lx*en made concerning the 
influence of external factors, such as temfxrrature, moistuie. 
illumination etc., upon development, chiefly of iiiMCts, but also 
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of other classes of animals and plants. Kleb's experiments with 
barren privet have already been mentioned above. In the case 
of butterflies, the pupa stage is a particularly sensitive period 
(see above page 346). By means of abnormal temperature it is 
easy to produce so great an alteration in this case that the animals, 
when they emerge, would undoubtedly be considered as belonging 
to a different species, if their origin w’ere not known (figure 71, 
opp. this page). Also, many cases of so-called ‘seasonal polymor- 
phism' are to be regarded as due to heat or cold, the most usual 
example of this being the well-known tortoise-shell butterfly. 
{V anessa prorsialevana) which occurs in two quite different forms 
in spring and late summer (see figure 72, opp. page 466). 

Other cases of the same kind can be referred to different con- 
ditions of nutrition and other causes. In the same category w’e 
can count many local modifications of plants and parallel phe- 
nomena in the animal world. But it is difficult to suppose that 
everything must here be referred to direct action. WTiile such 
phenomena give the impression that the environmental factors 
produce direct chemical changes in the living substances which 
show^ themselves in the changed development, we must consider, 
alongside this, changes w^hich are produced in the complete or- 
ganism by such influences, although these are not usually very 
extensive. It is known that the chameleon is able to change its 
colour more or less in accordance with its surroundings; a similar 
effect is produced by their surroundings on many other animals, 
especially reptiles and amphibians. 

Kammerer,®^^ in particular, has tried to show by experiments with 
salamanders, which he kept on both black and yellow earth, that 
these animals adapt themselves in the course of some weeks more 
closely to the colour of the ground, the animals kept upon a yellow 
ground increasing greatly the size of their yellow' spots, while these 
decreased conversely in the case of animals kept on black ground. 
These changes in colour did not occur when the animals were 
rendered blind, hence they must be produced by the sense of sight, 
aiia other observ^ations of this kind have been made. 

How these stimuli are able to influence the body cells in question 
in a suitable manner, w'e do not know. But the explanation will 
undoubtedly belong to the same chapter as the well attested 
fad that a h>Ti'^>list is able to produce in his subject by the sug- 
gestion of a blow a perfectly characteristic swelling, and by the 
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suggestion of a burn, a genuine blister, which however heals more 
quickly than usual. The riddle of the psycho-physical problem is 
particularly evident in cases such as this. Probably also, the 
so-called functional adaptations belong to the same category. 
If, for example, a human kidney is destroyed, the other kidney 
increases verj' greatly in size automatically, and in a similar way, 
parts of the brain that have hitherto served for other purposes 
take over the duties of parts destroyed, say, by a stroke, so that 
often the patient may afterwards learn again to walk, talk, and so 
on, quite satisfactorily. 

The question upon which the main interest is concentrated at 
present is therefore the follo^^^ng: how far may the theory of descent 
reckon with the piissage into the heredity, that is the genotype, of 
changes produced by environmental conditions} Is this at all possible 
or is it possible for certain groups of such changes, and not for 
others? And if not, how have the changes presumed by the 
theory' of descent in the genotv’pe come about ? In view of the 
enormous importance of this question, which, as we shall see fui ther 
on. is in practice far and away the most important question of the 
uhole of biolog}', it is absolutely necessiiry to define our concepts 
in the closest possible way, and not to exclude any possibility by 
which doubt might subsequently enter. 

W e may first recollect the separation, discussed on page 362 
betw<;*en the germ path' and the soma. we then saw, it is 
certain that the germ cells remain isolated from the remaining 
body cell> from the Inginning of embryonic development, and that 
therefore they mu>t not be regarded as an actual product of the 
body in which they are carried, but rather the latter as a kind 
of distegration product of the germ path, as is .shown by 
figures 5^?, 59, page 363. Weismann, to whom wc owe the first 
clear formulation of this state of affairs, already concluded that the 
direct transference of properties acquired from the germ cells to 
the body cells is unthinkable, tliat in other words an inheritance 
of acquired charactenstics did not exist. He attempted to prove 
this conclusion by a large number of experiments. He cut off 
the tails of mice for many succeeded generations, without finding 
the slightest diangc in the inheritt^d length of tail. It has already 
been mentioned that a similar result has been found in the case of 
mcxHfications prcxlucc^l by nutrition, llie question may, however, 
be raised as to whether the final results of these experiments 
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settle the problem. It might be that these experiments have been 
done in cases in which success was not possible. 

The doctrine that, in spite of the negative result of these and so 
many other experiments, the inheritance of characteristics pro- 
duced by environmental influence is possible in a certain degree 
and must be postulated, is called to-day Lamarckism, and I^ra- 
arckists are usually divided into mechano-lamarckists and psycho- 
lamarckists. The first assume that, in a physico-chemical manner 
at present unknown and inexplicable, the changes produced in the 
soma affect the germ cells, in such a way as to cause the individuals 
produced from the latter to exhibit by inheritance the same 
changes as are exhibited in the bodies of the parents. 

Psycho-lamarckists, on the other hand, consider this is only 
possible in cases where the changes are connected with psychic^ 
processes. When an organism comes into a new environment of 
any kind, certain needs arise in it, which it feels, consciously or 
unconsciously, and these feelings, or whatever we like to call them, 
produce first of all in the body, and in certain circumstances in the 
germ cells, means calculated to meet the new conditions. How 
this comes about we do not know - so say the psycho-lamarckists - 
the phenomena of hypnotism prove clearly enough that precisely 
in the imconscious there is extremely intimate contact between 
the bodily and the spiritual, and that the latter may act so as to 
produce direct changes of form in the former (compare the blister 
produced by suggestion); and conversely, the numerous ascer- 
tained cases of the prevision of death, for example, are to be 
referred to organic sensations already present in the unconscious, 
which are not yet present to the consciousness, but already in- 
dicate pathological changes. If we think out these psycho- 
physical connections further we come to the Hering-Semon h>TX>- 
thesis,*^* that inheritance is nothing more than what is called, 
psychologically, memory. Hering's chief work is called ‘Memory 
as a general function of organic matter.' 

To sum up, we may say that the psycho-lamarckists reckon 
witii an inheritance of acquired characteristics in cases where 
this acquisition depends upon some activity of the organism. 
It would thus be self evident that W'eismann's mice showed no 
decrease in the length of their tails. W^eismann ought rather 
to have tried to find out, whether the repairs of wounds taking 
place in the animals appeared more quickly in subsequent than in 
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earlier generations » in other words whether they had 'leamt' 
anything in this respect by inheritance. That is all that is present 
by way of an active achievement of the organism, the cutting 
off of the tails being a purely passive mutilation which is naturally 
not inherited, since the organism has not been actively concerned 
in 

These doctrines appear already doubtful from the fact that they 
are excluded of themselves in the case of the above mentioned 
experiments of Johannsen with beans, where without doubt the 
parat^’pical changes which took place depended upon an active 
reaction of the organism to changed envii onment ; also when the 
Chinese primrose, grown in a hothouse, gives a white flower, this is 
undoubtedly not a simple passive change of form, but represents 
an altered reaction of the whole organism to altered external 
conditions, which should therefore be inheritable according to the 
psycho-lamarckists. The psycho-lamarckists may naturally sa>' 
that we do not know why a result may be obtained in one case 
and not in another; we know in any case nothing at all about the 
way in which the mind acts on the body. 

If this is so, we are then left with the purely empirical question 
as to whether any single well ascertained caM; of such inheritance 
of acquired characteristics has lx‘en foimd. The same is equally 
true of mechano-lamarckism. It is certainly conceivable that the 
body cells might transfer their changes in a way at [)re.sent un- 
known to us, say by hormones or nerv'e-currents, to the germ ct lls, 
although we cannot imagine such things at prest^nt. But here 
also, the first thing is to produce some facts which do not admit 
of doubt. Richard Hertwig is quite right when he says in his 
excellent description of the theory of descent in Kultur der Gc(;en- 
uart that the question can only lx decitied fimilly by exjH riinent. 
Wliat is the use of theories which only exist on pa}xi, when 
reality refuses to realise the imagined cases ? 

Have ue any experimental proof of the inheritance of acquired 
characteristics ? At the time of previous editions of this book, in 
common with numerous other scientists and philoMjphers, I 
believed that this ciuestion was to lx answered in the affirmative, 
though not unconditionally. I must now sjxcihcally retract this 
statement. As far as I can see to-day, thts experimental proof 
d<^*s not exi^^t anri never has existed. What was then considered 
to be and beheved to be proof, was in part error, and in part - 
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it is necessary to say so - conscious deception. I will deal with 
the latter first. In recent times the experiments of Kammerer, 
mentioned above, have been regarded as decisive, and his newts 
have been referred to in all text-books, and even in dictionaries of 
science. Kammerer claimed to have proved that his animals 
which had become changed in colour by the influence of environ- 
ment, actually transmitted this change of colour to their descend- 
ants, which then showed from the first the abnormal lighter or 
darker colour when placed upon normal ground. 

Kammerer did further similar experiments with the midwife 
toad, whose peculiar manner of reproducing itself, is described 
in any text-book of zoology. This toad performs its repro- 
ductive functions on land as a rule. By keeping it in water 
continuously, Kammerer claimed to have caused the male to form 
pigmented nuptial pads on its thumbs similar to those which other 
allied sp)ecies used in the process of reproduction, and this change 
was likewise stated to be transmitted to the progeny. The only 
example which Kammerer produced to show this effect of inherit- 
ance was however sho^^^l to be a forgery by the American zoologist, 
Noble: the dark areas on the feet had been produced by Indian 
ink, and there was no sign of a true callosity vath the characters 
shown by other species. The newt experiments have also turned 
out subsequently to be more than suspicious ; not only did one of 
Kammerer’s co-workers give a very unfavourable account of 
the precautions taken in these experiments against mistakes and 
deception, but repetition by Herbst and others showed no signs of 
the inheritance of acquired changes in colour. In one case even, 
this change in colour itself could not be found. 

Kammerer evaded by suicide, in autumn 1926, the further 
judgment of his colleagues and the world in general. I for my 
part must regret having been, with others, the \ictim of methods 
which are other%vise not known in science. We shall see later 
w'hat tendencies were behind them, but for the present w’e are 
only considering the question of descent. 

iiie convinced Lamarckist will naturally say: what does it 
matter if a single experiment turns out to be wTong or even 
forged r Others might still lead to the same result. Verj^ w^ell, 
let us see. Among the experiments that figure as proofs for the 
inheritance of acquired characteristics, a particularly imjx)rtant 
place is held by Tower 's experiments on Colorado beetles (figure 73, 
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opp. Plate). Tower bred temperature aberrations of this well known 
potato pest, and could prove that these changes were inherited 
under certain conditions, but not under others. The first was the 
case when the environmental factor in question (for example, 
great cold), had acted during the 'sensitive’ period (see above). 

Is this the inheritance of acquired characteristics ? Yes and 
no. A characteristic has been acquired and this has also been 
fixed for inheritance, and the process is nevertheless quite different 
from what the Lamarckists are trying to prove, for here cold has 
acted on the one hand on the body cells, but on the other hand 
like\\Tse on the germ cells, producing a change in both, and chance, 
and perhaps also certain necessities, which we do not know for the 
present, may have caused the individuals produced from the 
changed germ cells to afterwards show similar changes in the 
parent animals which were influenced somatically. 

Wlien we think of the Goldschmidt hypothesis discussed above, 
that tlie genes are definite complexes of matter, this so-called 
‘parallel induction* w'ill appear more or less natural to us. The 
proof tliat we are really dealing with the latter has been given by 
later repetitions of the experiments, in which it was shown that 
in many cases the change in the soma did not occur, while that in 
the germ cells, and hence in the next generation, did occur. 

This parallel induction may, it is true, be also described as the 
inheritance of acquired characteristics. However, it is obviously 
by no means really what the Lamarckists actually want. For 
they require that characteristics taken on by the body should 
be passed on to the next generation, and hence pass first into 
the germ cells contained in the body; they therefore require not 
parallel induction, but so-called somatic induction, and Tower’s 
experiments give no more proof of this than do any others. To 
this must be added that it is a pure stroke of fortune when on 
occasion, as in the present case, the influence of the environment 
of the germ cells is such as to cause them to produce individuals 
the changes in which he in the same direction as those in the soma 
of the parents. 

It may equally well happen - and enough cases of the kind have 
been observed - that an environmental factor may cause the 
parent animal, say, to produce a stronger growth of hair, but at 
the same time act on the germ cells in such a way as to cause 
changes in size or form or colour in the individuals produced from 
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them. The best known example of this kind in the science of 
human heredity, is that of the progeny of fathers or mothers given 
to drink. Alcohol, the effect of which in the father may be to 
produce a disease of the liver, enlargement of the arteries etc., 
likewise affects the germ cell contained in his body (at least this is 
possible),*^’ in such a way that his child may be an idiot or epilep- 
tic or otherwise defective in some respect. This also is parallel 
induction; with nevertheless totally different effects, and this will 
in all probability form the rule. There is also, a priori, no reason 
to suppose that matters should be otherwise. 

Hence these cases are only apparent proofs of the inheritance of 
acquired characteristics, though they prove a type of behaviour 
of the organism, that may also bear upon the theory of descent 
in certain cases. It is perfectly imaginable that in nature true 
mutations are occasionally produced in the same way as in Tower's 
experiments and that they may then, if favourable, maintain 
themselves in the struggle for existence. But, as we have already 
made sufficiently clear, this is by no means Lamarckism. 

Still less is proof to be found in its favour from other phenomena 
which are often adduced, which in reality are nothing but per- 
manent modifications.^^® If for example, female animals are kept 
for years in a state of starv^ation, their bodies thereby being very 
much weakened, it is self evident that the germ cells also suffer, 
and the young are therefore weaker in the next and perhaps also 
in the second generation, than the normal ancestors kept under 
normal conditions. In a similar way, we may occasionally have 
in the case of mankind a disposition to tuberculosis, apparently 
inherited, whereas it may really be due to insufiffcient nourishment 
of the mother during or previous to pregnancy. Likewise, certain 
diseases are known w^hich are transmitted directly from mother to 
child during embiyonic development (for example, syphilis). 

Uncritical people are accustomed to bring forward such cases 
as proof of the inheritance of acquired characteristics. The reader 
is we may hope, quite clear by now on the point that they are 
nothing of the kind. A change which is lost in the course of a few 
generations again, and in any case does not show Mendelian char- 
acters, is not an inherited character, but a paravariation or per- 
manent modification, and its transmission does not take place 
by the method of chromosome di\ision cliaracteristic of the genes, 
but in some other way which is no doubt quite different from case 



MATTER AND LIFE 


468 

to case. These are therefore of no value as demonstrating 
Lamarckism. 

I omit some other cases once cited in this connection now re- 
garded with equal doubt, and come to the final result. This is as 
follows: There is not the slightest evidence of a real experimental 
proof for true Lamarckism, that is to say for an actual transmission 
of characters acquired by the body to the germ cells. The result of 
all well attested experiments in this direction has hitherto been 
negative. Although we have expressly protested on several other 
occasions against turning the absence of a result into the impossi- 
bility of the same (compare page 330), we must nevertheless not 
fail to notice, that in certain cases this, call it if you like 'negative,' 
dogmatism has also resulted in very positive conclusions. This 
has been the case, for example, with regard to the laws of energy' 
and entropy, which state nothing more than the impossibility 
of a perpetual motion of the first or second class, and aLo in the 
case of Einstein’s theor)* of relativity, whicli postulates the im- 
possibility of discovering an absolute system of co-ordinates in 
space. W’e are therefore justified at least in assuming as an 
hypothesis for further investigation, that there are reasons in the 
nature of things which render Lamarckian inheritance impo.ssible: 
in other words, that there is no connection between the Ixxiy and 
the germ cells which would enable changes in the first to l>e carried 
over to the second in the .same sense. 

As again.-t ihi,^ negative result, an objection, which must not be 
taken too lightly, is raised by the theory of descent itself.^** It is 
undoubted that charactenstics such as callosities, or ciisp,> (on the 
molar teeth), which are produced under our eyes by use, are in- 
herited. Camels, for example, have already as embryos the plain 
beginnings of their knee callosities, which we must after all assume 
to have been prmluced by continually kneeling on the sharp san<l 
of the desert. Lut if that is the case, they are certainly acquired 
characteristics, and nevertheless they are inherited. A logical 
opponent of lamarckism would have to make an acres.s(iry hypo- 
thesis, and one not very plausible, that in all such cases a process 
of selection must have taken place. Such aiinels must have been 
selected as conlaining, among their heredity factors, those which 
effected a particularly strong thickening of the skin under pressure 
(the heretlity factors are, as we have v^i n alK)Ve, jxUencies. and not 
characters). 
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At a first hearing this does not sound particularly plausible, 
since we are directly aware of the fact that the skin produces this 
reaction without any regard to hereditary disposition. It happens 
in our own case as well, although we do not kneel in desert sand, 
and it happens in the case of almost all mammals. The opponents 
of Lamarckism can naturally reply that this fact is even to be 
referred to inherited qualities common to all mammals, since they 
are useful for all. Nevertheless, this argument is not very con- 
vincing. On the other hand, the Lamarckists produce no proof 
as to the way in which the production of callosities on the knee is to 
influence the germ cells in the corresponding manner, and hence 
w'e are again confronted with the fact that the question must be 
decided by experiment. But even if we assume for the moment, 
in the distant future some few' pieces of evidence should turn up in 
favour of that supposition, it must be clear from all that we hav^e 
discussed that such somatic inductions certainly require a very 
long period of time to become really fixed in inheritance. We 
might therefore make use of it as regards the doctrine of descent, 
hut it w'ould be obviously hopeless to attempt to get any results 
hy these means within humanly possible periods of time in the 
breeding of plants or animals, or in other matters later to be 
discussed. Here only selection holds out any promise of success. 

And as a matter of fact, which may be mentioned by w'ay of 
conclusion, the whole astonishing success of our present methods 
of breeding plants and animals, which w’e have already spoken 
of in connection with MendeUsm, depends in no w'ay upon La- 
marckian principles, but rilw’ays and ever\wvhere on the selection of 
existing mutations (pure lines, sports, etc.). Breeders have long 
ago discoveivu that it is quite useless to attempt to produce, say, 
a breed of cattle producing a larger yield of milk, by feeding the 
animals for several generations on special food. That makes a 
great change in the phenotype, but none w hatever in the genot jT)e. 

Apart from these practical consequences, we may say that La- 
maT. Ivism might be taken into account as a possibihty with regard 
to the theory of descent, though with very great caution, but that 
it is extremely doubtful how much may really be put to its 
account. So much appears certain, that selection among favour- 
able and unfavourable mutations can effect changes in a few’ gener- 
ations that would require by Lamarckian means at least dozens 
if not hundreds of years. We are thus again brought back to the 
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Wew that the mutations, and their selection, and not direct action, 
will have to supply the main support for the doctrine of descent, 
and it is therefore necessary to devote a few words to the question 
of mutations themselves. 

How do they happen ? Can we produce them artificially and 
therefore imitate on a small scale the origin of species? And 
might we not be able to produce mutations in this way for practical 
purposes of breeding ? The answer is that we know at the present 
time nothing whatever as to how the mutations which have un- 
doubtedly been observed in free nature, also including Darwin's 
single variations, have come about. Undoubtedly mutations, 
like everj’thing in nature have a cause; we do not however know 
where to look for it. It is quite certain that the factors of the 
external world, as well as those of the body cells (see above), are 
able to influence the germ cells in many ways.®*® In the first 
place. X-rays have been shown to produce mutations; alcohol has 
been mentioned above; it is probable that many other poisons also, 
and also high nervous strain of human beings, and also certain 
products of disease, may injure the germ cells. 

Mutations produced in this way are, it is true, almost all so 
called loss mutations’, that is. certain inheritance units are lost 
which ought normally to be present. In a few individual cases, 
really new inheritance factors have been produced experimentally. 
But all that has so far been done is so little, that there can be no 
question of the application of this method in the breeding of 
animals or plants.**^ Still more unlikely is the hope that w'e could 
produce improvements in human inheritance by this means (this 
is unfortunately not the case with degeneration. The same is 
true here as in the whole of life, that it is much more easy to 
destroy than to build up). Coming generations may have more 
success in this direction. 

We must not however, in seeking the causes of variations, 
look too exclusively to outward circumstances. It is perfectly 
possible that within the organ itself, there may occur from time to 
time states in which the system of inheritance factors situated 
(as we assume) in the chromosomes, fall over as it were into a new 
position of equilibrium. Galton, the founder of the modem 
science of heredity, once said that the fluctuating variations may 
be compared to the oscillations of a polyhedron standing on a sur- 
face, which has received a light blow. After a few oscillations it 
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will again come to rest on the same face. In the same way the 
fluctuating variations always oscillate about a certain average, to 
which they always return. The mutations, on the other hand are 
to be compared to the rolling over on to a new surface, which 
takes place when the blow exceeds a certain limit. The compari- 
son is very illuminating. To this we must add that as we Imow 
from present day physics, variations are continually taking place 
in every material system. The cells, to say nothing of their sub- 
divisions the chromomeres, or the genes contained in these, are 
already small enough to make deviations from the average moder- 
ately possible. It is thus an obvious step to attempt to introduce 
into the science of heredity, the h5T)othesis that, simply on account 
of these oscillations, which are characteristic of every physico- 
chemical system, large disturbances of equilibrium must occur 
now and then in a certain percentage of cases, which then appear 
as mutations. 

This hypothesis, first put forward by Freundlich,*** has not yet 
attracted the attention which it deserves. The reason will no 
doubt lie in the fact that we are at present unable to say anything 
in detail concerning the oscillations in question, since the whole- 
constitution of the genes is at present unknown to us. Further- 
more, biology has hitherto been so wrapt up in a blind belief in 
physical causality, that it has, so to speak, become more papist 
than the Pope himself, while physics has long ago made use of the 
statistical method, and quite recently, even regarded it as possibly 
its own fundamental basis. Biology, which quite certainly has to 
do with only statistical laws, is stUl clinging rigidly to the pure 
dynamical conception of law. If we assume the hypothesis 
mentioned above, we obviously do not need, for part of the muta- 
tions. any external cause at all, since they he in the organism, and 
might possibly even be referred to final physical uncertainty itself 
(Heisenberg's relation, see above, Bohr).*** 

In the above, the main facts concerning the variability of 
org. Ill isms have been sufficiently indicated, and we must now turn 
to the question how Darwin’s doctrine of natural selection appears 
from this point of view. 



XI 


THE DOCTRINE OF SELECTION 

This theory' has shared the fate of so many other scientific 
doctrines, of being at first blindly believed, then sharply criticised, 
then almost completely abandoned, finally to be rehabilitated 
within its true limits. The belief in the supreme power of natural 
selection (Weismann) was followed by the expression of the impot- 
ence of natural selection: we know to-day that both attitudes were 
exaggerated. Selection does not explain everything, and much 
less the whole world, as its enthusiastic prophets tried to make us 
believe fifty years ago, but it explains a great deal, and more than 
its rabid opponents were willing to admit. Hence it is a factor of 
importance in the explanation of descent. 

Before we attempt to criticise the idea of selection as a whole, 
we must first mention some groups of facts which must be taken 
into account. First we have sexual dimorj>hism, the fact that the 
bearers of the male and female germ cells in the animal kingdom 
have almost always considerable differences in form, size, colour, 
tic., differences which are frequently great enough to have sufficed 
to cause male and female, had their relationship been unknown, 
to be regarded as quite different spiecies.^-* 

In verj* many cases, above all in the case of the low^cr animals 
where such extremes are often observ’^ed, it is merely a question 
of male and female hating each specialised in their own way for 
their duties (impregnation, hatching of eggs), and the general 
grounds which have rendered possible the production of these 
numerous adaptations must be regarded as sufficient for the under- 
standing of these* phenomena, although we cannot quite see 
through them for the present, also, there is a further special ques- 
tion as to how the characters of one sex can lx; inherited by means 
of the germ cells of the other.*** Hut along with sexual characters 
of this kind, there is further a large number of others which cannot 
be explained as the adaptations to the new conditions of life, these 
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being generally characters of the male. The courtship adorn- 
ments (decorative colour, unusual bodily processes, such as horns 
or pincers, song of birds, the instinct for play and dance etc), 
Darwin assumes that these characters were produced by ‘sexual 
selection.' The choice of the male by the female is supj)Osed to 
play in this case the same part as in a general way the struggle for 
existence. 

A second and equally important phenomenon is that of a sp)ecial 
group of adaptations known under the general term of mimicry, 
first carefully investigated by Bates. In a further sense, all 
])rotective colouring, such for example as the grey brown colour 
of the hare and the lark, the yellow colour of the lion, the white 
of the polar bear or the weasel in winter costume, is to be reckoned 
under this heading, and also certain instincts such as shamming 
dead by many animals. In the narrower sense, mimicry is the 
imitation of quite definite natural objects, for example leaves, 
twigs, stones, and the like; in the narrowest sense it is the imitation 
of other animals by certain species to such a degree of perfection, 
that even the eye of a practised observ^er can be completely 
deceived. 

Some of the most astonishing cases are those shown in figures 74, 
and 75, 76 (opp. page 474) or that of Papilio metope, a South African 
variety of butterfly^^® related to the swallow-tail. The female 
of this species - only the female, not the male - occurs in three 
different forms apart from the normal form, which differ from one 
another entirely, both as regards colour and shape of wing, but are 
each precisely like another species of butterfly belonging to totally 
different families, which are not eaten by birds on account of their 
evil taste. The unusual forms live, as in this case, almost always 
only where the immune species also lives, and always accompany 
their prototypes, so that Bates, who first discovered such cases in 
South America, only had his attention dra\\n to them by pure 
chance. These phenomena have been put forw’ard by upholders 
of me theory of natural selection as particularly strong e\idence 
of its truth. Latterly, a very strong critical opposition has arisen, 
to which we shall return almost immediately. 

We may now consider critically the theory of selection.®*^ 
What can it do and what is it unable to do ? It may be taken 
as agreed to-day, that fluctuating variations cannot be pushed in a 
certain direction by means of selection (compare page 458). The 
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experiences of breeders, which were used by Darwin as the main 
support of his theory', are to be explained by the fact that selective 
breeding is not dealing here with fluctuating variations, but with a 
mixture of pure lines or elementary species, of which the Linnaean 
species is in reality made up. Even when, the breadth of fluctua- 
tion of one line overlaps that of another (see page 458) selection 
(say that always of the largest beans) must always increase, in 
the following generation, the representative of the largest line, so 
that this hne often comes out quite pure. In this way a new 
and constant species has been *bred*, but in reality, it has only 
been isolated from the mixed population in which it originally 
existed. 

There can be no doubt that the older Darwinism needs correc- 
tion in this respect. But it is a great mistake when many oppo- 
nents of selection believe that they have completely refuted it by 
this argument. WTiat has really taken place, is so far simply a 
more exact formulation of Darwin’s premises. As regards the 
essential point of selection, it is a matter of indifference whether 
we regard this as applied to Darwin's indeterminate notion of 
individual variations, or the more precise ones of elementary 
species or pure line. V'ariations suitable for selection are thus 
these elementary* species which are constant in the ordinaiy* sense, 
but obviously not invariable. For as far as I know*, the most 
rabid opponent of selection has never yet maintained that the 200 
elementary* species of the coni marigold (Jordan) or the 19 pure 
lines of Ix-ans { johannsen) were originally created as such. They 
can and must be regarded as mutations in the De Vries sense, and 
selection takes place fundamentally only in connection with such 
qualities, which are inherited, but capable of changing suddenly 
from some cause or another. From this point of view', the muta- 
tion theory thus amounts to no more than an improved 
Darwinism. 

The matter takes on a different complexion when we investigate 
the question of the reason for such mutation. It is here that the 
paths of the pure theorists of selection and of the Lamarckians in 
their newer form, sc^parate. Darwin's chance individual varia- 
tions could first be substituted by irregular mutations, these would 
come about for any reason whatever, for example, in the case of 
Tow er's Colorado Lytles on account of cold, in other cases perhaps 
on account of spc*cial conditions of nutrition, or new combinations 





THE DOCTRINE OF SELECTION 


475 

of Mendelian factors (as was probably the case according to 
Renner’s results with de Vries’s mutations), and selection would 
then choose between such mutations. We thus still have a theory 
depending on pure chance, which is a point which has been the 
cause of both praise and blame for Darwinism. 

But the new Lamarckism protests against this, maintaining 
firmly that the change is not irregular, but has a definitely recog- 
nisable connection with existing needs. In other words, varia- 
tions in a definite direction are required. In this connection it is 
important to note that the direction is to be that of the desired 
adaptation, not of a definite direction in general. This remark is 
necessary, since a group of facts and theories exist that go to show 
that variations are by no means irregular, but that they only move 
along certain definite lines. The phenomenon is described by an 
expression coined by Elmer, orthogenesis, but ideas belonging in 
this category had already been expressed before Eimer, by K. E. 
von Baer and Nageli. According to these investigators, the cause 
of change is not to be found in environment, but in the germ cells 
alone. And certain phenomena do in fact render this supposition 
likely. 

The most prominent of these is the hypertrophic development, 
for example the antlers of the stag, or the horns of the stag beetle, 
the curious prolongations of many shells etc. The attempt to 
explain these phenomena by selection in general, and sexual 
selection in particular is especially xmsatisfactory. Are we really 
expected to imagine a female stag beetle having her aesthetic 
feelings aroused by a male with particular horns ? Monstrosities 
of this kind, which are very common in the whole animal world, 
rather make the impression of some principle of change in the 
organism having been, as it were, ridden to death. The result also 
is that many such species are becoming extinct or arc so already, 
since formations of this kind finally become altogether too 
unpractical. Hence in cases like these, in spite of all natural 
selection, development docs not escape from the blind alley into 
which it has erred. Indeed, the whole of palaeontology* with its 
extinct species really sliows that not only the power of selection, 
which favours adaptation, but also a persistence of the process of 
development, which is opposed to adaptation, are both active, and 
perpetually at war with one another. 

Further strong reasons for the activity of such orthogenetic 
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factors are given by recent exact determinations of natural or 
artificial variations which actually occur. It has been shown that 
these do not occur by any means irregularly and in all possible 
directions, but always only in a few quite definite ones (Eimer, 
Tower, R. Hertwg). ^^’e must mention also ‘Dollo’s Law,* which 
says that organs wliicli have once become rudimentary or have 
disappeared entirely, never return, but are replaced by other new 
organs if the need for them recurs. If natural selection alone 
is at work we cannot see any reason why development should 
not go backwards when the conditions are reversed. Hitherto 
this has never l>ecn obser\-ed. 

A more difficult question is, how we are to imagine the produc- 
tion of these orthogenctic teiuk ncies. A possible solution might 
be found in a now form of the doctrine of selection, suggested by 
Weismann,**® the fundamental idea of which is as follows. The 
genes contained in the chromosomes, or determinants as \\ eis- 
mann calls them, art* themselves subject to a fierce struggle for 
existence, every' change in the organism favours or opposes one 
or other kind, and this has the result of increasing or diminishing 
their effect in the next generation. In this way, however, the 
injuriously affected determinant in question arrives in the new 
generation with an initial disadvantage as compared with the 
others, and again retreats, and it is finally defeated, unless personal 
sek*ction, that is the elimination of individuals aflected by this 
phenomenon of loss, puts a limit to the process. Hut conversely, 
every plus vanant will favour the corres}x)nding determinant, and 
thus automatically increase the character in question unless 
indi\'idual selection regulates this effect of germ select if >11 , 

W'eismann's object in making this supjx>sition, which in his 
time was purely hypothetical, was to give an explanation of the 
fact, inexplicable on the original Darwinian lines, of the dis- 
appearance of ust'less organs on the one hand and of hvq)ertrophic 
development on the other. The double stniggle for existence 
(between the determinants in the organism and Ixdween wdiole 
individuals in nature) results in eveiy tendency to variation that is 
once Ix'gun striving automatically to continue, unk:s.s it is uprooted 
by individual selection. The organism then no longer restunbles 
ar inert mass v^hich must be set in motion from outside, but rather 
a stretched sj)ring, which may come kx>se at any moment, or bid ter 
still, a bicycle in motion, which can only be kept in equilibrium 
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by motion of the steering wheel, and falls over when this motion 
no longer occurs. 

Considerable objections have been urged against Weismann's 
theory by Darwinians, and many, Plate for example, have even 
declared that they would rather give up selection altogether than 
assume it in Weismann's form. Nevertheless, one cannot avoid 
the impression, especially since similar ideas have recently arisen 
on a pure basis of genetical theory, (see Goldschmidt's h5rpothesis 
pages 381, 383), that there may nevertheless be a kernel of truth 
in it, even though its detailed formulation by Weismann may be in 
need of improvement. This kernel of truth would then be the 
quite general law, that the fundamental heredity of an organism 
forms a system of such instability, that it continues in a direction 
of change once entered upon until it either reaches a new state of 
equilibrium with the environment, or the species dies out. A 
hypothesis of this kind lies entirely within the region of scientific 
discussion. 

If we are thus able to make orthogenesis theoretically compre- 
hensible in this manner, particular attention must be drawn to 
the fact that this is by no means orthogenesis in the Lamarckian 
sense. Just has made a very happy distinction in this connection 
between causal, and final or purposive, chance . If orthogene- 
tic theories are right, variations are not, as Darwin supposed, 
I)urciy accidental, but have a definite direction. But this does 
not toll us what the direction is, nor that it must be directed 
tow'ards the goal of adaptation. These theories only exclude 
causal chance; chance from the point of view* of purpose remains. 
More far reaching suppositions are necessaiy’, if the latter also is 
to be excluded. Thi*= must be understood if we are not to draw^ 
blindly a conclusion in favour of Lamarckism from the facts 
discovered by Eimer and others. Lamarckism w'ould only be 
right if it could be proved that the orthogenetic variations in 
qut =^ion stand in direct relationship to the goal of adaptation; but 
as w’e have seen, we have yet no proof of this. 

Certain other theories of descent carry orthogenesis much 
further than the Lamarckists, by excluding the external wwld 
altogether, and supposing that changes take place simply through 
an inward progressive drive. The older nature philosophy spoke 
of a nisus for mativus, Nageli spoke of a 'drive towards perfection,' 
and Bergson of the Han vital. All these mean the same thing, an 
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entirely mj’stical principle active within the organic being itself, 
which principle is directly parallel to the entelechies, which are 
sup{X)sed to direct individual development.**® The general 
objections to such teleological 'explanations' have been discussed 
above. We only need to add here that the parallels usually 
drawn in such discussions of the history of development, between 
the development of the individual and that of the sp)ecies are quite 
mistaken. For the development of the individual actually takes 
place under the influence of heredity, which is so to speak, its 
entelechy, while the development of the species has to explain 
the production of these inheritance factors. 

If we are not going to assume here true 'epigenesis' but once 
more only evolution' (see page 341) we arrive at the absurd result 
that the fi^rst and simplest living cells already contained human 
beings and lions, herrings and ants, and that the whole process of 
the development of species was nothing but an unfolding of poten- 
tialities already present at the first beginning. This abolishes the 
theory* of descent itself, since it becomes completely without any 
purposes. WTiat it had to explain was on the one hand the corres- 
IX)ndcnce between related sjx^ies (through common inheritance); 
on the other hand, the divergence between them on account of 
individual variations. If every'thing is already determined before- 
hand, both human being and bean may be just as well supposed 
to fall finished and ready from heaven. WTiat would be the use of 
passing through the stages of the primitive cell, worm, fish, etc., 
if we were in reality man from the beginning, and hence entirely 
different from every' other being even in that disguise, as Dac- 
que**^ and others have once more been trying to persuade us. 

So much is true in these ideas, that the older UTiters on descent 
were inclined to set the points of divergence much too high as a 
rule, and even to have living sp>ecies or animals directly descended 
from one another (for example human beings from apc\s). A more 
exact investigation of the problem of genealogy leads of necessity 
to the view that the division of forms, originally one and the same, 
into the present vanety of species, must, as a rule, have started 
much earlier. We cannot, for example suppose that an original 
mammal first descended from reptiles (as Haeckel supposed) and 
then divided up into all the various forms (carnivora, rodents, 
etc.). If a genetic relationship really exists here, we must suppose 
that the various groups of mammal must already be ascribed to 
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definite groups of reptiles as their descendants (for example 
Steinmann*** has proposed as original ancestor of the primates, 
'metareptile* Delphinognathus^shediAy existing in Permian times). 
No objection need of course be made to such hypotheses, only they 
must not be driven to the absurdity of not allowing divergence 
at all, but of tracing each single line back to the very beginning. 
If polyphyly is driven so far, the whole doctrine of descent 
becomes superfluous.*®® 

It is evident, after what we have said earlier concerning the 
reality of the teleological side of biology, that we do not intend for 
a moment to deny a tendency towards perfection in this whole 
process of the formation of species. And we do not therefore need 
to give any special arguments in its support at this point. In this 
sense we might even agree with Dacqu6’s thesis, that the whole 
world of animals is merely split off, so to speak, from the develop- 
ment which from the first aimed at man. We only need to oppose 
in this connection the attempt to put such teleology in place of an 
investigation into causes, an attempt which will certainly be read 
into Dacque's works, even if their author had not this intention. 
Teleological considerations can always only accompany causal 
but never takes their place. If this is not forgotten, there is even 
no objection to ascribing to the process of this formation of species, 
the character of an action, that is to say, giving it a psychical 
counterpart. In this sense the dlan vital of Bergson may likewise 
be readily admitted, whether we regard it as a driving force 
working unconsciously or whether as the outflow of a creative 
wisdom exceeding our power of conception. 

Our criticism of the theory of selection would be too incomplete, 
if we did not mention three objections which are very often 
brought against it. These are: i. The want of relationship be- 
tween numerous lethal factors (disease, weather, enemies, etc.) 
and the qualities which are supposed to be bred by natural selec- 
tion, 2. The insufficient value of the small variation. 3. The 
so-called panmixy (general mixing). 

Regarding the first point (compare also page 480), we must say 
that the opponents of the principle of selection are right in point- 
ing out that numerous lethal factors, in particular all kinds of 
injuries to brood, are generally in no direct relation at all to any 
kind of advantageous qualities, but strike the adapted and un- 
adapted indifferently.®®* But this does not prove anj-thing 



MATTER AND LIFE 


480 

against the possibility that selection may also be active, since this 
only needs a single one of the numerous lethal factors to stand in a 
direct relationship to an adaptive character. Almost super- 
fluously many experiments have been latterly made which prove 
quite without a doubt that when mixed stocks of plants or animals 
are exposed to natural conditions, some are very seriously, others 
vciy’ slightly decimated, so that in a very short time one variety 
enormously exceeds another.*®* 

It cannot therefore be denied that selection is at least able to 
eliminate unpractical mutations. But, so say the opponents, it 
cannot produce anything |X)sitive. 

Here we come to the second objection. A small change, it is 
said, for example in the wing colour of a biittcTfly, cannot be of the 
slightest use to it, even when it is a move in the direction of mimi- 
cry. For a bird which does not eat the immune species will not 
take the slightest notice of that slight change but eat its jxissessor 
just as freely as an unprotected companion. In order that such a 
protection may be effective, a verj* high degree of similarity must l>e 
present from the start, and this could not ix)ssibly be acquired 
as the result of a single mutation. But even if we sup{K>se such a 
mutation to take place it would be of no use, since it would lx* 
completely washed out in a short time by general cro>,sing. It 
must lx* admitted that the first argument in the case in question is 
ver\* attractive. But that it cannot be generally true is shown 
by a case such, for example, as the formation of a web for swim- 
ming. Here even a small variation would already give a small 
advantage, and selection could do the rest, if the second argument 
can also be refuted. 

There are three arguments which can be brought against 
panmixy. We may first of all assume that mutants which re* 
semble one another >%*ilJ be slightly more fertile amongst t heinscdves 
than with somewhat different forms, and this has Ix^en proved 
in several cases by statistics.**® The infertility, which usually 
occurs in the case of hybrids Ixtween different Linnaean sixcies 
may be taken as the extreme case of an increasing diffu iilty in the 
formation of hybrids. In the second place, it is not only imagin- 
able, but probable, that favourable mutants frequently Ixcoine 
iv>lated in space from the pare nt form. In the case of animals 
wc may assume a direct ;iS.s<xiation, but apart fiom that, wind, 
water, birds, etc., may carry' off inutate<J seed and thus causir the 
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production of a local stock of the new variety. M. Wagner has 
even developed a complete migration theory of descent on this 
basis, a great deal of which is doubtless correct. But thirdly, we 
may on the basis of Mendelism, make almost the contrary asser- 
tion under certain conditions, namely that a single favourable 
mutant has a great prospect of holding its own, since the quahty 
in question will appear again and again in its descendant.*®^ 

In conclusion a word concerning mimicry. Scarcely any other 
problem of the theory of descent has been the subject of so much 
recent controversy, and some find salvation in the theory of selec- 
tion, while others reject it altogether. It is first of all certain that 
a great many of the cases originally regarded as mimicry are 
greatly in need of confirmation as to whether the likenesses in 
question really produce a protective effect. In this respect Hei- 
kertinger’s sharp criticism**® has brought forward much new 
relevant material, while on the other side, Wasmann continues 
to defend firmly the cases of ant mimicry which he himself has 
carefully examined. 

Heikertinger’s main argument is that we observe quite generally 
in nature a mutual adaptation of animals and their booty to one 
another, so that enemies specially adapted find out animals and 
eat them in spite of evil-smelling, supposed protective, substances. 
Though offensive to us or other ainimals, such protective arrange- 
ments have no value (according to Heikertinger) against the 
enemies which are specially adapted to a given booty, and they 
do not come into question as regards other animals which might 
be imitated by them, since these do not attack the animal in 
question. Furthermore, Heikertinger and other critics**® have 
also pointed out that the upholders of the mimicry hjqx)thesis 
have in many cases failed to bring any proof that the enemies of 
the booty animal in question really make use of the sense upon 
whidi the mimicry is supposed to work. Thus for example, the 
famf ns imitation of wasps by flies must be absolutely useless as 
a protection against spiders, since the latter, as experiments prove, 
do not depend upon the sense of sight. 

It is extraordinarily difl&cult for an outsider to form any kind 
of judgment as long as the specialists differ in this way. Cases 
such as the famous Indian leaf butterfly Callima paralecta, the 
twig grasshopper, and many others appear so directly convincing, 
that one is obliged to say that it cannot be the result of chance. 

Hhs 
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There must certainly be some inner connection between the form 
of the leaf and the butterfly. And what else can this be than that 
the butterfly is to be protected by the form which it has assumed ? 
Heikertinger himseif admits this, but nevertheless requires us 
rather to abstain from any explanation than put forward hypo- 
thecs which cannot be supported by experiments. This is cer- 
tainly true, but on the other side, it is also true that science is not 
a mere question of recording facts but of proxdding explana- 
tions.*** How are we to arrive at such explanations without the 
formation of hj^potheses ? 

We may certainly explain numerous cases of simple protective 
colouring quite easily, without calling in selection, by the h}qx>- 
thesis of 'seeking' or of ‘trying’ and ‘remembering.’ The hare 
may perhaps lie down in the furrow, because he has learned in 
the course of development that his enemies then notice him least, 
the latter being numerous and on the watch for him with all pos- 
sible senses (in this case Heikertinger’s limitation of the relation- 
ship between enemy and booty is certainly not to the point). 
There is much in favour of the idea that the hare is conscious of 
this protection, so far as an animal can Ik* conscious of anything. 
But this explanation does not hold in the case of the white polar 
lx*ar, which certainly did not migrate to the nortli lx*cause they 
were white. Here we must rather assume that direct action 
{aberration due to cold with subsequent natural selection) is the 
most plausible explanation.**® 

But in the case of the famous examples mentioned above, this 
explanation is quite us^*less, and we are then really only left a 
choice between resignation, or natural selection, or vitalistic 
‘explanations,’ according to which ‘nature,’ or the 'elan vital' or 
something else of the kind once devoted itself, in a sort of playful 
way, to painting on the back of a butterfly's wings the exact copy 
of withered leaf with its stalk and ribs, this having then led tlie 
fortunate possessor of this ‘sport of nature’ to luisten to make 
use of it by sitting on the plant so as to res^rmble a leaf. 
iJT the drawing was actually given to it by one of those 'entele- 
chial' powers, in order that it should be thoroughly well protected, 
though here again it is difficult to see why the same power should 
not give its enemies the same jxiwer of finding it. Or are w*e to 
suppose that it takes less care of the enemit^ ? 

As in so many other cases, we must leave these debatable quest ions 
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open for the present. The problem is not who is right but 
how much is each right. But we must state expressly that, after 
all that has been said, the role of selection is much greater than 
the sharp opponents of Darwinism were inclined to allow. The 
objection so frequently made, that selection could not produce 
anything new but only get rid of unsuitable material, misses the 
point. For the selection theory has never asserted that selection 
l)roduces variations; Darwin, on the contrary, assumed the pre- 
sence of variations as an undoubted fact, as all subsequent theo- 
rists of selection have done. Selectionists merely maintain that, 
among many variations having no relation to the needs of the 
organism, there may be some that are adapted to the need, and 
that these are maintained by being preferred in selection, and 
that a new species may come about in this way. We can see no 
reason why this should not happen. But if it does happen, selec- 
tion is then the decisive factor, and it is not justifiable to reproach 
it with assuming the most important factor, namely variation. 
The fact that ultra-Darwinists such as Haeckel have quite un- 
reasonably raised it to the level of a cosmic principle has nothing 
to do with the point. 

Biology has thus quite recently been returning to the idea of 
selection to a greater extent than one would have supposed pos- 
sible ten or tw^enty years ago,*^^ The decisive rejection of every 
kind of Lamarckism by the modern theory' of heredity, has had 
most to do with this. The author must als>o admit that, as time 
goes on, he becomes more and more convinced of the inadequacy 
of Lamarckian principles and hence takes up an essentially differ- 
ent position iii this edition from that in the last. The case of 
Kammerer has had something to do with this, though a slip of 
this kind should not be regarded as of any importance. An as- 
sertion may be correct even if it is supported with bad arguments. 
But Lamarckism has been so badly beaten along the whole line, 
that part from the bad impression created by such occurrences, 
there is not much left of it. This leaves only selection remaining 
as a real scientific explanation of descent, since the preformist 
theories last discussed are no explanation, but only a restatement 
of the problem in another form. 

We might conclude our discussion of the principle of selection 
at this point, but for the fact that certain philosophical con- 
sequences, which rightly or wrongly have been linked up with it. 
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did not require our attention for a moment. The resistance origin- 
ally met in all religious and idealistic circles by the whole doctrine 
of descent (whereby, as we have already said, descent and Dar- 
winism were hastily thrown into one pot) has to-day ceased to 
exist, at least in Germany, although there exist a few ecclesiastics 
who would, if they could, apply similar means to those applied in 
America to prevent the spread of the doctrine of descent, at least 
in sdiools.*** These circles are, however only small conventicles, 
and official theology of both confessions has spoken with fair 
unanimity in favour of the reconciliation of the theory of descent 
with religious belief, Wasmann having done most for this on the 
Catholic side and Dennert on the Protestant. 

In these circles, however, they are far from adopting the same 
neutrality towards the factor problem. On the contrary, there is 
a strong distaste for the principle of selection, and a very strong 
preference for psjxholamarckist and orthogenetic theories. Dar- 
winism is accused of delivering the mar\'ellous organic world over 
to blind chance, and hence to be difficult to reconcile with the 
divine government of the world.*** How false this point of Niew 
is, can be seen from the simple consideration that the whole world 
Is full of chance of tliis kmd, apart from any selectionist explana- 
tion of the formation of species. If hundreds of thousands of 
germs must perish before the goal is reached, that is just as'dystel- 
eological' as the Dar>\inian chance whidi demands that hundreds 
c f variants shall perish until one is the useful new adaptation. If 
the latter is a contradiction of religious belief, so is the former. 

We are here confronted with the real fundamental problem of 
present-day religion, the question of how all that is apparently 
senseless and worthless in the world is to be reconciled with a 
divine government of the world, the problem of theodicy. It is 
not rendered anj* easier or any more difficult when Darwinian 
chance is added to already existing difficulties. So all that is 
correct in the whole resistance to Darwinism is simply the con- 
sideration that it is responsible for the loss of one of the supports 
of the primitive physico-theological proof of God's existence, 
wliich draws from single useful adaptations observed in nature 
the conclusion, that a God must be behind them, who has made 
them so particularly effective. It is very questionable whether 
this is a real loss to a high form of religion. 

Such tendencies have of course nothing to do with science; it 



THE DOCTRINE OF SELECTION 485 

has to decide as far as possible how we may suppose the develop- 
ment of species to have taken place. If, to-day, a certain resigna- 
tion has entered into scientific biology, since it has become evident 
that we are very far removed from this goal and have a great deal 
to clear up before we dare to tackle this problem successfully, 
such a momentary and temporary state of affairs should not mis- 
lead us as to the necessity for undertaking the task. It is true 
that the biologists of to-day hardly think of wasting their time 
with genealogical trees in the manner of Haeckel, only to see later 
that they have built on sand. 

We are clearly conscious to-day that what the genius of Darwin 
left us was not a finished solution, but a great and broad problem 
which will give work to generations of research. If this was earlier 
forgotten in the first flush of excitement over the new field of 
knowledge, nothing more happened than is often obser\’ed in all 
parallel rases in the history of science. We have first vague and 
indefinite ideas, curiously compounded of clear knowledge and all 
kinds of mystical shadows. Then comes a genius, a Copernicus. 
Now’ton or Darwin, and a science suddenly begins to grow out of 
the chaos of opinions. Then, however, things inevitably go to 
an extreme. 

The genius, the pioneer, is chosen as a leader, even where his 
intuitions are no longer applicable. For a long time all goes well, 
the shaky structure is supported with all kinds of subsidiary hj'po- 
theses; but finally even that is no further use, and a critical re- 
action begins, at the height of w'hich a great deal of what is still 
of value is swept away. Finally, when this reaction has subsided, 
w'hat was real in the first work of genius begins to show its fertility 
in further insight, and sober investigation, free from ail extreme 
views, can march straight forward to its goal. In the theory of 
descent, w'e are still not quite at the end of the first period of 
criticism, but we have already probably passed its maximum. 
Eveiy where we see the inception of investigations which have 
neither a dogmatic nor a critical tendency, but are solely inspired 
to find out the truth. Future progress will depend upon such 
work. 

What was said here of the theory of descent in general is true, 
to quite a particular degree, of one special problem, which really 
forms the reason for the bitterness of the controversy, namely, 
the descent of man. A certain inw'ard necessity has resulted in 
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all philosophical ideas of the universe, which have played a part 
in the doctrine of descent, receiving their crassest expression in 
the conclusions which they have drawn regarding man. Dog- 
matism and criticism have been hardest at work in this field, and 
it is certainly not too much to say that one half of what has been 
spoken and written concerning descent, has been devoted to this 
special field. The problem of mankind is of course the point at 
which scientific knowledge passes over into philosophy of life, 
whicl), after all, must always be at the same time a view of our 
own personal position. 

There can lx; no question that the application of the theory of 
descent to mankind means a revolution in thought equally as 
great as that produced 300 years ago by the abandonment of 
the Ptolemaic for the Copemican S3’stem in astronomy. Whether 
this results in our whole view of the universe being put on a com- 
pletel)’ new basis, is another question, which cannot be easily 
answered in a few words. It must appear daring for us at the 
present daj’, standing in the midst as we do of this rcvolutionarj' 
process, to attempt to come to any decision as to its more far 
reaching consequences. Histoiy' .shows us that an objective 
judgment concerning such fundamental questions is only px)s.sible 
for later generations. It must nevertheless be attempted if our 
view of the uorld is not to remain an impx»ssible and quite un- 
satisfactory torso. We must therefore conclude our discussion of 
the philosophy of nature bj' examining man himself, tdthough we 
shall at many pxiints have to cross the boundaty between philo- 
sophj' of nature and philosophy of culture. 

For man is 'a wanderer between two worlds,' on the one side in 
nature, on the cuher in ci\'ilisation, which has a similar relation- 
ship to pure!}' biological nature as that between the latter and 
p)hysics. It is a plainly marked higher step, which alwaj's remains 
recognisable, even if we are compxrlled to assume continuous transi- 
tion. We are dealing here also, with new 'emergents,' and in this 
ca.se with some of an entirely different character, namely psychical 
prcxlucts such as science, law, mcjrality, religion, etc., along with 
ci\ ilised activity m the narrower sense, technology, economic life, 
the formation of society, etc. AH these raise mankind above the 
level of the animal world, into a realm beyond biology, the reahn 
of values. 



PART IV 

NATURE AND MAN 


The peculiar position of man as part of living nature has been 
realised plainly by the leading spirits of all civilised nations. We 
only need to recall the well-known verses of Sophocles and Pindar,* 
or the Eighth Psalm. As opposed to this, primitive peoples fre- 
quently show a fairly close contact with the animal world as re- 
gards their life feelings. The distance between man and animals, 
although present, does not here become so clearly conscious, the 
animal being humanised in much the same way as by our own 
children. We have in Totemism the religious form of this view 
of the animal. It also appears to have affected the higher religions 
for a verj^ long time, for its traces can be found almost everywhere 
in them. 

Our world of Christian Western civilisation, on the contrary, 
has always been under the influence of a decisive refusal to con- 
nect man in any way closely with the lower parts of nature, and 
particularly with animals. This refusal has its roots in Judaism, 
where an ethical monotheism, unique in the history’ of religion, 
develoj^ed into a definite opposition to the continual recurring 
tendencies in the people towards actions characteristic of savage 
cults (Baal, Astarte, etc.). Since the fundamental doctrine of 
Christianity itself assumes a still higher valuation of mankind than 
that assumed in the religion of the prophets, it is not surprising 
that in the history of the Christian churdt, the bond between man 
and nature very soon breaks entirely, all the more readily because 
the development of the late Greek world into Neoplatonism was 
a development in the same direction. 
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This view held that it was man's true task to sever as far as 
possible all connection between the body, that is the whole natural 
foundation of his life, and the soul, which was supposed to come 
from a ‘higher world,' the task being to bring the soul back to its 
true destiny, from which it had been drawn aside by entering the 
world of matter. Although the church frequently condemned 
gnostic doctrine having this tendency, and nominally attained to 
the dogma that, on the whole, creation is ‘good’ (according to 
Genesis i., 31), history shows that this had practically little in- 
fluence on the course of development. 

It was only modem science that brought a serious cliange. 
Nevertheless, the period of ‘enlightenment’ which followed in 
some resp)ects again increased the contrast between man and 
nature. Man, as the only reasoning being, appeared to that time 
so far above all the rest of creation, that German Idealism ex- 
hibited scarcely less opposition than the church, when Darwin’s 
works suggested, for the first time, the serious p>ossibilitj' of a true 
connexion between man and animal. Whereas for us the waves 
of this stomiy quarrel have already calmed down to a certain 
extent, the example of America siiows us how strongly the op- 
posing forces are at work under the apparent calm of the surface. 

It is now our task to trace out this problem in its various rami- 
fications and arrive if possible at a calm and objective position. 
The problem contains many particular questions; the first being 
that concerning the genetic connexion between mankind and sub- 
human nature. The second concerns the natural biological condi- 
tions controlling his higher activities both as regards the higher 
individual and the social organisation, and tlie third inquires as 
to the eflect that man, on his part, exerts upon nature. Uur first 
question is thus that of man’s beginning. 



I 


THE ORIGIN OF MAN 

Although this is not, as Haeckel imagined, 'the question of 
questions,’ it is still of enormous importance for every view of 
life, and without a careful consideration of it, no satisfactory 
conclusions can be reached. 

Our knowledge concerning the origin of our own race, as we 
must unfortunately admit from the start, is very scanty. The 
results obtained by history and pre-history, by geology and palae- 
ontology, by ethnography, ethnology and philology, form to-day 
an enormous mass of knowledge as compared with the position 
of anthropology' a hundred years ago. But it is really very little, 
merely a small beginning, compared with what we ought to know, 
to be able to say that w’e are fully clear concerning the origin of 
our race. The fact that we are clear about this from the start 
does not afford any reason for resignation, tinged either with want 
of courage or even secret satisfaction. What Copernicus taught 
us was but the beginning of a real investigation of cosmic structure, 
a tiny fraction of the problems which still occupy astronomy. 
And yet it was of more importance than everything the astro- 
nomers have since di.scovered or ever will discover. For it was 
the first .step, and a most difficult step, towards a natural point 
of view, free from the old prejudices of our sense impressions. 
This first step, this emancipation from the old naive, geocentric 
idea counted for more than all the following steps put together, 
for It made all the others possible. 

Something similar to this took place in the last century concern- 
ing organic nature. The knowledge that the origin and growth 
of this world, and the events in it, have taken place accorffing to 
laws which can be investigated, and still are so taking place, and 
that the human race also belongs in this great sequence of organic 
development, will be inseparable in all future time from the name 
of Darwin, even if his teaching gives place in many respects to 
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further knowledge, and even though he may, like Copernicus, have 
had many forerunners. They did not carry general conviction, 
but this one man, the *Ne^^^on of the blade of grass,* called for 
by Kant, carried the day and gave the intellectual life of his time 
a new direction. WTiatever his personal merits may have been, 
histoiy rightlj' connects the whole transformation with his name. 

\\Tiat makes true knowledge so difficult in astronomy, is the 
smallness of our extent in space, the fact that we are tied to this 
earth, which thus appears to us as the only stationary body, 
around which everj’thing else moves. WTiat impedes progress in 
biologj’ is our narrow limitation as regards time. Humanity only 
knows its own race and the world of plants and animals, from 
their present state and from historical traditions covering a few 
thousand years. WTiat is that as compared with geological 
time ? How should we come upon the idea of gradual trans- 
formation, since everything has been the same as it now is ‘within 
hiunan memory.’ In both cases a supposed religious objection, 
the strongest of all possible tendencies, was added. 

The history of the controversy concerning the Copernican 
system is well known. In the biological and anthropological 
discussion, the opposition of the church, ev'en to-day, docs not 
apf)ear so incomprehensible as in the former case. W'e will come 
back to the reason for this later. In any case, it is clear that there 
could be no question of a scientific pre-history of mankind, as 
long as people were completely satisfied with the possession of 
a documenlarj’ biblical history of creation, according to which 
man had been created about six thousand years ago as a single 
pair of individuals. Everything worth knowing was already told 
us there. To have forced mankind, that is to say, the educated 
European world, into at least a profound revision of this simple 
minded traditional view, is perhaps the most imjxjrtant asjx*ct 
of the whole of modem anthropological investigation. For if this 
whole traditional structure gave way only at a single point, the 
result was an absolute necessity for revising it completely and 
fundamentally, and that left the road open to simple practical 
investigations. We shall turn to this later, but we will now first 
of all see what real result has come out of it.*^* 

The most important question is that of the geological age of 
mankind. Tliat mankind is the last being which has appeared 
on earth, probably the very last, can hardly be doubted according 
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to all discovery. The chief question is whether we have to assume 
the existence of mankind in the last epoch but one of the earth's 
history, the Tertiary, or whether he first appeared in the last 
epoch of all, the Quaternary or Diluvial. Investigators have 
generally inclined to the first supposition from the start, but 
actual investigation has so far obstinately refused to produce any 
proof of man’s existence in the Tertiary. Nevertheless, a certain 
kind of document has been known for a long time, which has been 
regarded on many sides as a proof of tertiary man. This is the 
'eolith* (meaning stone of the dawn, the dawn of human existence). 
These are pieces of flint, the edges of which are cut in a peculiar 
rough manner and sharpened, so that the whole gives an impres- 
sion of intentional preparation. 

Stones of this kind have been found in large quantities in the 
tertiary deposits of France, Belgium and England. But Rutot, 
who first investigated them closely and who regarded them as 
artificial products and hence as proofs of the existence of tertiary 
man, was not able to carry conviction. Later on, the aspect of 
matters was altered by the work of Klaatsch, who travelled about 
Austialia, originally with the object of making comparative racial 
investigations. He found there primitive flint tools among the 
savages, not only exactly like eoliths, but even in some cases still 
more primitive. Klaatsch was also able to study on the spot the 
simple technique used by the natives to produce these tools. AU 
that he saw led him and many other investigators to the convic- 
tion that eoUths must after all be regarded as artificial products, 
and hence as a proof of the existence of tertiary man. 

But the opposition to this hypothesis is by no means dead. It 
is, after all, very strange that not a single skeleton should have 
been found among so many eoUths to remove all question of doubt. 
It cannot also be denied that the peculiarities of the eoliths can 
be explained by natural forces. Under sudden strong pressure 
the edges of the flint split off in the way seen in the case of the 
eolith^!, and the technique of the Australians is nothing but an 
application of this fact. It has been observed that pieces of glass 
whicli, by falling on a roadway, become trodden on, giv^e the finest 
examples of miniature eohths (Sarasin and others). 

We must therefore av^oid deciding this question here. The fact 
that eoUths can be formed by natural means certainly does not 
exclude the possibility that they could be produced by artificial 
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means, as the Australians prove. But the converse is also the 
case. Let us therefore leave this question for the moment. It is 
in any case not admissible to say that science has proved the 
non-existence of tertiary man. It has not proved with certainty 
that he existed (see page 330), but every day may bring the dis- 
covery of a skeleton and therefore of proof. The reason why we 
are continually brought back to the supposition that our race goes 
back to this period is the state of affairs revealed to us in our dis- 
co^•eries of diluvial man. Mankind appears to be, already in these 
oldest remains, at such a high point of bodily and mental develop- 
ment, that if we adopt the view of development and not the 
supposition of a 'new act of creation’ (sec below), a long previous 
history must be postulated for this development to be reached and 
that can only lie in the Tertiary. But we must not omit to remark 
that there are also anthropologists who would place the origin of 
man not much farther back than the last phases of the Tertiary. 
We have therefore for the present to rely ujxui the human re- 
mains found in the Diluvium, and will there of course seek for the 
oldest evidences of our racial past. Apart from some doubtful 
finds in South America and Central Asia, we have to consider six 
discoveries : — the Javanese Pithecanthropus}^^ the Heidelberg, 
PiltdowTi, Rhodesian, and Pekin remains, and the so-called 
Taungs Skull. The order is that of discovery. 

The most famous is the find of the Dutch military’ Doctor 
Dubois, made in 1891 in the neighbourhood of the village of 
Trinil in Java. First the roof of a skull and a molar tooth were 
found ; later a thighbone and a second molar. Haeckel, and with 
him the whole scientific world of his time, enthusiastic as it was 
for evolution, saw in these remains the long sought-for 'missing 
link.’ But they were immediately subjected to sharp criticism, 
both as to whether the parts foimd in different places really 
belonged together, and also as regards their interpretation. Only 
a part of the anthropologists adheretl to their interpretation as a 
link between ape and man. Most regarded the creature in ques- 
tion as a blind branch of development, which had ari.sen before 
the evolution of actual man, and some even took it to be merely 
a particularly large ape (gibbon). Both these views gained in 
weight when it was later shown that true men had lived along 
with the Pitecanthropus at the same geological period. How 
dangerous it is to draw final conclusions in branches of science still 
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in the full flux of development, has been very well illustrated in 
this case. For the remains of primitive man found in the neigh- 
bourhood of Pekin have shown that, there also, creatures of the 
same or a similar kind lived. The so-called Sinanthropus Pekinen sis 
is, apart from a few unessential points, identical with the Javanese 
Pithecanthropus, and since the first, of which considerably more 
fragments, including the teeth, were found, was undoubtedly a 
member of the Hominida, the latter also must be the same. TTie 
famous Javanese 'missing link’ must therefore, after all, be re- 
garded as an ancestor of man. 

It is not unnecessary to remark that the gibbon hypothesis was 
particularly stressed by such critics as deemed it necessary, in the 
interests of Christianity, to protest against any direct connection 
between man and the animals. From this side also, there was 
much ridicule poured uj)on those who, with Haeckel, saw’ in 
Pithecanthropus a true link between man and ape. Now the 
laugh is on the other side, and only the fact that the whole battle 
arotmd evolution has died away prevents this fact being common 
knowledge. Naturally, the truth is that religion is in no way 
affected by the particular manner in which God may have caused 
man to come into existence. We shall return to this question 
later. 

Regarding the Pekin discoveries,**’ we should add that the 
fairly numerous fragments found (teeth, parts of low’er jaw’, occiput) 
belong to a number of separate individuals, and in many respects 
remind us of the chimpanzee, but also allow some relations with 
the Piltdown fragments to be recognised. The age of the remains 
is in this case exceptionally easily fixed from numerous fossils 
which accompany them; this gives the date as the beginning of 
the Diluvium. The search is being continued, and it is to be hoped 
that a completion of the discovery will advance matters consider- 
ably. 

ilie discovery at Piltdown in Sussex was at first very much 
contested.*** While the discoverers (W’oodward and Dawson, 
1913) supposed it to be the remains of an unknowm, late Tertiary 
or early Diluvial, primitive man (Eoanthropus), most well-known 
investigators at first considered that the very incomplete skull and 
the lower jaw did not belong together, but that the first belonged 
to a special race of primitive man {Homo Dawsoni) and the latter, 
including the upper molar tooth cilso found, belonged to a fossil 
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chimpanzee. During the war, a second discovery at the same 
spot (1917), the same parts being found together, has consider- 
ably increased the probability of the original interpretations. If 
it is really correct, this is certainly the oldest specimen of man- 
kind known, and it is noteworthy that wo have the characters of 
man and diiinpanzee, in a quite peculiar combination. 

W hile the three finds so far mentioned are without doubt early 
DiluWal or late Tertiarj" (there is naturally no sharp line of divi- 
sion between these two periods), the geological age of a further 
important find, the Rhodesian or Broken Hill skull,**® is fairly un- 
certain. The place of discove^>^ the silver mine Broken Hill, is in 
South Africa. The skull was discovered by miners in 1921, and 
first examined with care by the English anthropologist Wood- 
w'ard. Its most striking characteristic is the very unusually large 
eye sockets, in which respect, as in several others, it is fairly 
similar to a gorilla skull. It would be taken as such, but for the 
fact that it carries a completely human set of teeth. Since the 
skull was accompanied by a number of animal bones of undoubt- 
edly recent species, it is necessary for the present to exercise the 
greatest care in interpreting it. In certain points it shows 
similanties with the Neanderthal (see below) so that many an- 
thropologists regard it as the African representative of that race. 
Altogether, not ver\* much can be done with this find. 

A further important South African discoverj^ was made in 
1924 at Taungs in Bcchuanaland, in the course of blasting in a 
chalk quarr\’ during the building of a railway. The parts found 
certainly belong to a young creature, a full set of milk teeth and 
the first jxjrmanent molar having been found. In the case of a 
human being, this would correspond to an age of six years. Of 
the skull, the whole facial bones are there; the brain cavity is miss- 
mg, but a complete cast in chalk of it was found, so that a recon- 
struction of the whole skull doc-s not presi-nt the slightest diffi- 
culty. The eye .srxrkets arc very' large as in the gorilla, but the 
w hole form of the skuh remmds us strongly of the chimpanzee. It 
would certainly be ascribed to this animal, but for the fact that 
certam characteristics are distinctly human. Hence the name 
given to it by Dart of Johannesburg, wlio was the first to examine 
it “ Australopithecus Afneanus - has been contested, since we are 
perhaps not dealing with a real Ptthecus, that is, ajx*. In certain 
respects the Australopithecus or 'Taungskina' resembles the 



ORIGIN OF MAN 


495 

Pithecanthropus and the Pekin man, but in others it is closely 
related to the Piltdown skull. A decision is hard to make. We 
are, as Kleinschmidt rightly remarks in this connection, in the 
position of a butterfly collector, who possesses for the moment 
only the caterpillar of a new tropical species. 

To these five remarkable finds we must add a sixth, perhaps the 
most remarkable of all - the famous Heidelberg lower jaw, found 
in 1907 inasandpit inMauer near Heidelberg. As figure 77 (after 
page 496) shows, this jaw is entirely apelike in its massiveness, in 
the breadth of the upward branch, in the almost right-angled junc- 
tion of the latter, and in the very flat Incisura semilunaris (the 
half-moon shaped depression at its upper end) - the likeness again 
being closest to the chimpanzee ~ but the jaw is furnished vdth 
a completely human set of teeth, and the curve in which they are 
set, seen from above, exhibits that almost complete regularity 
which is characteristic of the human jaw. In the case of apes, 
this curve shows a distinct break at the eye-teeth. In other respects 
also, the skull is completely human, and hence the name Homo 
Heidelbergensis given to it by its discoverer Schoetensack, seems 
justified. Unfortunately, this jaw is the sole relic we have of this 
creature, which is quite unique. The age of the remains is about 
the first or second intermediate period, and thus in the first third 
of the Diluvium. It may thus be estimated at about 200,000 
years, or perhaps considerably more. In any case, it is consider- 
ably older than the relics of primitive man which we shall now 
consider, and which date from the middle Diluvium, and later. 

W’e now come to a period of which we are able to form a much 
clearer picture, than we can of the earlier period represented by 
the few relics we have just spoken of. W’e have evidence derived 
from a large number of excavations carried out in the most 
various parts of Europe (France, Southern England, Sweden, Bel- 
gium. Croatia etc.). \\*e know for certain that these men lived 
togeUier with the reindeer, rhinoceros and mammoth during the 
period when Europe was partially covered vdih ice, and that they 
lived by hunting these and other animals. In the earlier geolo- 
gical layers, we first meet with a race which, in accordance with 
the first place in which it w as discovered, is now' generally knowm 
as Neanderthal man (figure 78). This race was responsible for the 
oldest flint instruments (wedges), which are recognisable with 
certainty as of human origin. 
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The first stages of culture are designated by the name Prechel- 
lean, upon which follow the Chellean and the Acheulean (the 
names are derived from the places where certain finds have been 
made): and further the Mousterian, etc. In the second part of the 
Old Stone Age there then appears, alongside the Neanderthal 
man and later superseding him. a new race, so-called Aurignac 
man, and then other races, for example, the so-called Cro-Magnon, 
which approached present day man more closely (compare the 
two figures 79 and 80, on Plates overleaf). The picture of the 
Neanderthal man - Homo mousUriensis - is not quite right according 
to later investigations, since the parts of the skull were not put 
together correctly at first. In later reconstructions**® the pro- 
gnathic (underhung) jaw is less prominent) . The origin of this race 



Fig. 78 

Skull of a Neanderthal child from Lc 
Moustier (from Hauser- Klaatsch) 

is unknown. There is apparently no connection between the 
Heidelberg and Neanderthal man, nor between the latter and the 
Aurignac t\-pe. The Cro-Magnon was originally considered by 
many scientists to be a cross between the latter. But this hypo- 
thesis is mostly given up. 

Hauser, who discovered the two skulls figured here in the valley 
of the \'ezere, believes that Aurignac man came into Europe at 
the end of the glacial epoch from the East, and then either con- 
quered or drove out Neanderthal man, and possibly ate him. But 
the remains earlier supposed to be those of a cannibal feast in 
Krapina, in Croatia, have recently been regarded as doubtful, and 
it is not even certain that Neanderthal and other bones are mixed 
up together. Other scientists*** suppose Aurignac man to have 
come over from Africa since he is mostly found in Western Europe, 
but the remains discovered are much too scanty for anything 
certain to be said on this point with certainty. 

The Cro-Magnon race is regarded by quite a number of present- 
day investigators*** as the direct forerunner either of the Nordic, 
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or of some race closely allied to it, but to be distinguished from it 
('Dalic' or Talic'), but this is also by no means certain. We are 
thus obliged to confess that the discoveries from the Diluvium 
certainly give us some idea of mankind's condition in those days, 
but are not in any way sufficient to tell us whence they came or 
what happened to them. What became of the descendants of 
Neanderthal men ? And what preceded Aurignac man, w'ho 
obviously represented a very high type ? And whence did the 
individual races arise, distinguished by modem anthropology 
under the names nordic, alpine, mediterranean, near-asiatic, 
etc. ? We cannot answer any of these questions to-day and it is 
not even certain that we shall ever be able to answ^er them, since 
very few remains have been preserv’^ed, and of these only a very 
small fraction has been found. 

We may further inquire what the culture of those diluvial men 
or their predecessors was like, even if the question of eoliths can- 
not be answered for the present. We know nothing at all in this 
respect of Heidelberg and Piltdowm man. Perhaps we may once 
more be fortunate enough to find not only a complete skeleton of 
the former but also some tools. This would bring us a great deal 
further. 

Concemuig the culture of Neanderthal man, on the other hand 
we already have a fairly clear picture. The youth of Le Moustier, 
dug up by Hauser, had undoubtedly been buried ceremoniously. 
It is difficult to resist the further conclusion that human beings 
practising such customs must already have had a kind of belief 
in an existence after death, such as is general among primitive 
savages in our day. The fact that they knew the use of tools, 
although in a very primitive form, is proved by the discoveries 
of flints. Even fire seems already to have been known to them, 
as appears from part of the bones of animals eaten being burned. 

The cultural achievements of the Aurignac men were already 
much higher. They were in aU probability responsible for the 
well known cave paintings, the magnificent artistic qualities of 
whicii never cease to surprise us. These paintings are found as 
a rule in inaccessible or almost inaccessible parts of the caves in 
question ; they were in all probability not entirely playful, but had 
probably some religious significance (such as weapon magic). The 
truth to nature of the drawing, and also of the sculptures on mam- 
moth ivory, is all the more surprising (see figure 8i, on opp. Plate). 

lis 
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It is vastly superior to the products of later times (Neolithic), 
which are not superior to those of the existing Bushmen,*®* but 
it is again completely uncertain how these cultures developed. 
We find the peoples in question in possession of them, but where 
and how they arose we know as little as we know concerning the 
race itself. 

If we now conclude this discussion of the history of our race 
by asking what science is able to tell us concerning the relation- 
ship between mankind and animals, we must admit that it can 
tell us almost nothing of a positive character and make only a 
few negative statements with certainty. One of these is that 
there can be no question of the descent of man from the ai>es 
most closely related to him. The chief reason for this statement 
lies in the fact that the teeth are in the case of mankind without 
doubt less specialised in type than those of the gorilla or the 
chimpanzee. The teeth of the latter might be descended from 
those of man, but not conversely. 



Fig 82. Fig. 83. 

Skull of a young Orang Skull of an old Orang 


The biogenetic law mentioned on page 445 also jK»ints in the 
same direction. The skull of an orang (figures Sj), when 
young has the closest resemblance to a chUd's skull, whereas that 
of the fully grown orang posses.ses the enormous set of teeth 
which is the chief distinction between ajH.* and man. If the 
develoj>ment of the individual gives us a picture of that of the 
species, the progenitors of the orang must have l>een more like 
man th;tn is the orang of to-day. It is hence generally assumed 
that the original 'Primates' were iiuire like present day man in 
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the form of the head than the great apes of to-day. While one 
fraction retained forms more primitive and hence more capable 
of development, and was thus enabled to develop into man, 
another part entered a blind alley by developing a large lower 
jaw with powerful canines, and produced the present day an- 
thropoids. 

While this line of thought would lead us to assume a j)oly- 
phyletic origin for man, this view would certainly be opposed to 
that of numerous anthropologists, who are firmly attached to 
the idea of a monophyletic origin, mainly on account of the 
unlimited fertility of the different races among themselves, but 
also on account of the very close bodily resemblance.®^^ As regards 
this latter, it is true, certain very curious experimental results 
have become known recently which app)ear to show that human 
blood may be divided in respect of its composition into four 
distinct types known as A, B, AB, and O.®®® This state of affairs 
was first suspected as the result of blood transfusion in medicine, 
where along with some astonishing successes, catastrophes were 
also knowTi to occur. It was then found that it is not permissible 
to inject into a human being the blood of any other human being, 
but only that of the same group or of the group O. WTiether 
these differences in blood, which space does not allow us to 
discuss hero, have an origin in some way connected with the 
history of the race is quite uncertain. 

The causes which effected the transition to man are just as 
uncertain as is the question of polyphyly. Since man is the only 
living animal which shows in its bodily construction no special 
adaptation for the struggle for existence - his body possesses 
neither weapons for attack or defence, nor special organs for 
flight*®* - it has been concluded that the transition from animal 
to man can only have taken place in an environment relatively 
free from danger, and also in a mild climate, which facts, according 
to Klaatsch, exhibit (?) ‘an unmistakable parallel to the well- 
knowTi story of Paradise in Genesis, and the myth of the Golden 
Age.’ 

Most anthropologists are of the opinion that this transition 
took place in a steppe country analogous to our present day 
prairie, and very many actually find in the transition from a tree 
life to a steppe life the cause of man giving up a semi-erect walk 
for one completely erect, whereby both head and hand were set 
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free for upward development. However that may be, anyone 
who does not assume that man fell from heaven in a finished 
state must assume some kind of a transition, and it is further 
certain that even in the case of a monophyletic origin, a separation 
of mankind into difterent races took place very early. It is 
frequently assumed that the present-day dwarf races are to be 
regarded as the undeveloped residue of early man, but there are 
many objections to be made to this view. A beginning with 
smaller forms would otherwise correspond to a very general rule 
of the development of species. 

Very many different answers have been given to the question 
as to where, assuming a monophyletic origin, we are to look for 
the cradle of humanity. Almost all parts of the world have been 
put forward as such. Many people are of the opinion that 
humanity was first developed in the famous lost continent of 
Atlantis, or at least went through its main development there, 
whereby an explanation isobtained for the absence of all palaeont- 
ological traces previous to the Heidelberg and Piltdown period, 
that is in the Tertiar)\**^ But these hyjx>theses are just as 
uncenain as most others in this field. Taking it all in all, we 
know ver\* little at the present time, indeed practically nothing, 
concerning the development of our own species. Neither the 
problem of genealog)' nor that of factors have found anything 
resembhng a sufficient solution in our own case. 

The sole mailer of agreement between all scientists (with 
ix*rhap,s a single exception, Professor Fleischmann of Erlangen) 
is that man has descended from the animal kingdom; and we 
must expressly point out that this is also true of Dacque, whose* 
writings have recently attracted .so much attention.*®® Although 
Dacquc\ as we have already stated above, postulates a sjx?cial 
development of man through a series including the whole luiimal 
world, and speaks in this sense of a 'Noachite,’ ‘Adamite’ etc., 
man, he neverthelc'ss expressly states that these ‘men’ were 
externally similar to amphibians, higher mammals etc. Their 
humanity was only jiotential and they can hardly have made use* 
of it in practice, for they have not left behind any traces of human 
powers. It seems to give Dacqui; pleasure to describe such 
beings as men, iKcause their great-grand-children finally became 
so. An cirdinary* scientist would call such a being an animal, 
even if it carried the man ‘in its knapsack' ten times over. 
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Still more uncertain than the transition from animal to man is 
the further question as to the more distant ancestors of man. 
We have absolutely no information on this point. It was once 
believed that something similar to a human hand had been found 
in the traces of an animal, the chirotherium (hand animal), which 
lived in the palaeozoic and mesozoic periods, and that this animal 
might therefore be regarded as an ancestor of man. But this 
h5qx>thesis (first stated by Snell and later taken up again by 
Klaatsch) rests upon too weak a basis ever to be taken seriously 
by science. It has already been mentioned that Steinmann, on 
the other hand, wished to regard the metareptile living in the 
Permian, as the ancestor of the later primates (see page 478). It 
will be readily understood that empirically-minded scientists, 
and many others who believe themselves to be interested in this 
matter remaining a ‘mystery’,’ make game of suppositions of this 
kind, though this is unjust as long as the authors of the hypo- 
theses in question are themselves conscious of the fact that they 
are nothing but ingenious and unproved notions. 

We may now inquire whether this picture of the result of 
modem anthropology, w'hich is obviously wanting in very many 
directions, allows of any conclusion of a general philosophical 
character to be drawn. In the first place, it is clear that any kind 
of dogmatism in the midst of this tangle of hypotheses is objec- 
tionable, and that every unprejudiced judge can only take the 
view that we must wait and go further into the matter. Sufficient 
caution has certainly not been shown at times in this respect 
(compare pages 455, 484). ‘The authors of the theory’ of 
Descent,’ says Kohlbriigge,’®* quite rightly, ‘have hoped to stride 
forw’ard with se^’en-leaguc boots over a path, that will undoubtedly 
need centuries of intensive investigation.' It is entirely’ to be 
condemned, when the public is not merely’ not enUghtened as 
regards the incompleteness of all investigations up to date, but 
even industriously given the illusion that every’thing of impor- 
tance is already settled. 

But it is equally unjustifiable when this incompleteness, wth 
its many points op>en to criticism, is used to discredit the whole 
investigation and represent it as a collection of arbitrary hypo- 
theses, situated entirely in the air, and merely the product of 
anti-religious and atheistical tendencies in their authors. For it 
is no longer the case to-day. that any arbitrary construction 
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purporting to be a history of man, and supposed to serve religious 
interests, can be brought into agreement with scientific truth. 
The fact that mankind is older than the 6,000 years of the Old 
Testament is as certain as any other scientific fact. At the very 
least 40.000 to 50,000 years have passed since Neanderthal man 
lived, and at least twice as many since the time of the Heidelberg 
man, and probably a great many more. 

It follows of necessity that the history of the Patriarchs in the 
Old Testament must have contained purely mj'thical elements to 
a large extent at least (which fact has naturally been known to 
theolog\' for a long time, for other reasons) and that we therefore 
have complete freedom for scientific investigations, even from 
this point of \iew. Our fathers were mistaken in believing that 
the Bible formed an infallible document concerning scientific 
and historical questions. The Bible contains matter of reUgious 
value - how far this is true of its various parts is a matter for 
theology* - but there was hardly such a thing as science at the 
time when it was written, at least as far as its authors were con- 
cerned, and from an historical point of view it cannot be treated 
in any other way than other documents. It may naturally 
contain a great deal of historical matter, which does not concern 
us here. But it is certain that the story of the six days of Creation 
and of Paradise, is not history, but mj-th; that is, reUgious truth 
m the form of an historical narration. 

The attempt to find in certain results of anthropological investi- 
gation, for e.\ample the suppxjsed development of man in a mild 
cUmate and in an environment free from danger, confirmation of 
BibUcal stories, or even (according to Dacqud) of actual reminis- 
cences of humanity is, in the author's opinion, u.sele<>s and im- 
practicable, and from the religious point of view' injurious; for they 
assist in thoughtless retention of a blind dogma of inspiration, 
which is nevertheless untenable, instead of gradually releasing 
mankind from it. Dacque’s method of the supposed interpre- 
tation of palaeontological facts by mcan.s of human myths may 
be used to prove anything. Fancies of this kind help neither 
science nor religion but merely injure both. 

If theology, at least that of all varieties of Protestantism, has 
long ago freed itself from the idea of the literal inspiration of the 
Bible (this is unfortunately not true of the orthodox laity), the 
controversy ronreming the problem of humanity is, nevertheless. 
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by no means entirely abolished. For in reality, it was much less 
the formal principle of Christian doctrine, the authority of the 
Bible, about which the whole controversy arose but rather the 
material principles of Christian belief, which are to a certain 
extent not reconcilable with the experimental results and justifi- 
able hypotheses of science. We shall have to go into this side 
of the matter later. The question is the quite general one of the 
evaluation of the human mind generally in relation to the natural 
(biological) foundations of its being, and this problem interests 
not Christian dogma alone, but the whole of cultural philosophy, 
and finally, all sciences of mind, and especially psychology. We 
must regard the problem of the origin of man, from this side as 
well, since it is also the kernel of the problem of civilisation. 



II 


NATURE AND CULTURE 

As distinguished from animals, mankind possesses language, 
morality, law, religion, custom, art, and science, and also the use 
of tools and technology', social economy, and social life. Of all 
these things, we find among the higher animals at the most a few 
suggestions, and these are so generally known that I do not need 
to state them; we need only refer to the Australian leaf birds witli 
their artistic instincts, and the ‘states’ of the ants and tennites. 
These suggestions are however nothing more than suggestions, 
for what is the chief cliaracteristic of man, namely that he carries 
on in freedom a continual development in all these matters, that 
his legal and political forms and his art etc., arc perpetually 
being transformed and, at a variable rate, growing; all this is 
entirely abrfnt among animals. They stand still at the point 
once reached. Every young spider spins its net in exactly the 
same stereotyped manner as the old spider, which it has never 
known, every song bird builds its nest in exactly the same manner 
as thousands of its ancestors before it. Even when .such an 
instinct (see below) is really changed on account of changed 
ensTTonment, the new state of affairs is just as invariable as the old. 

With mankind, on the other hand, change is typical. Upon 
this depends its endless power of adaptation, which has made it 
lord of the whole earth. Although it knows tradition and 
customs, inherited from its ancestors, these arc something entirely 
different from animal instinct, it is not unconditionally Ixtund by 
them, but can change them at any time, once it makes up its 
mind to it. Whereas the animal is obliged to go the way which 
its instinct determines with the same necessity that water runs 
down hill. 

This confinement of the animal to stereotyped behaviour 
corresponds to its limitations to concrete single experiences. 
We have no real proof that an animal has any power of forming 

S«M 
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an abstract concept, a general law, or a generally valid principle, 
as regards any field. The dogs and horses which extract cube 
roots are therefore more than suspicious from the start. Why 
in all the world, if all these animals {X)ssess such powers, have 
they never made use of them ? A dog certainly associates in a 
short time a whipping with the theft of a sausage, but it never 
thinks of forming a general notion of theft, no matter how many 
such exjjeriences it may have, let alone a general notion of good 
and evil. This want of the power of abstraction is connected 
with the absence of speech, since the word is the materialised 
concept. Anthropoid apes, as has so often been observed, are 
not devoid of the organs of speech, that is, of the tongue and 
larynx; they do not speak simply because they have nothing to 
say. However differentiated animal sounds may be - a cat alone 
can express a large number of different moods and desires by its 
mew - the animal is dev'oid both of articulate speech and con- 
ceptual thought. 

It is also devoid of the power of considered action in the full 
sense of the word, that is, the power of acting efficiently in face 
of completely new situations, of inventing new tools to meet new 
needs, and of building up that great power of action upon nature 
which we admire to-<lay as technolog\\ At this point the con- 
trast is not quite so sharp as in other directions. There can be 
no doubt that higher animals, for example, dogs, elephants, cats 
etc., are capable of actions which do not dep)end on mere inherited 
habit, not upon trial and error ({x;rsonal e.xperience therefore), 
but are the result of forming initially a useful combination of 
certain circumstances. 

W. Kbliler has proved this with certainty with some of his 
chimpanzees.**® These arrived, although with some difficulty, 
at the right idea on their own account, that, for example, a box 
might be placed l>encath an apple and used to assist in reaching 
it; they therefore use it in the truest sense of the w'ord as a tool. 
They also arrived on their own account at the notion of using 
sticks for similar purposes.**® When a dog’s master in going out 
shuts the door against it, it often occurs to it to run round as 
quickly as possible to another exit in order to see if it cannot 
follow its master in that w'ay. Such actions may justifiably be 
ascribec^c^hought. but even the arts of the most primitive people 
are beyond the highest efforts of animals. An animal reaches in 
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this respect to about the stage of a twelve to eighteen months old 
child, at the vcr>' best. 

^'ith this, we have recounted the most important points which 
distinguish man from animals, but naturally a great deal might 
be added. Altogether, the conclusion is, that the beginnings of 
all human faculties are to be found in animals, but that in order 
to turn such a faculty into the power of a civilised human being, 
a certain something must be added. This something is what is 
usuall3’ termed mind. It is obviously related to the low psychical 
life of animals in the same way that the organic is related to the 
inorganic. One does not e.\clude the other, but includes it and 
brings it into a higher and more comprehensive region. In other 
words, we have here as we have already mentioned at the begin- 
ning of this chapter a new emergent of the development of life 
up>on earth. All this is so clear that no further account of it is 
necessaiy-. But it is much more difficult to answer the question 
in what this new thing ultimatelj’ consists and how we are to 
imagine its appearance from the animal kingdom. 

A comprehensive and perfect definition of mind can hardly 
lie given. It is certain that self-consciousness (the ego, and the 
feehng of possessing freedom of will) must be regarded as two 
fundamental components of this higher human existence. A 
child becomes a human being in the full sense of the word at the 
moment when it first uses the word T will’ fully consciously. 
Child psvcholog}'*** al.so teaches us that this rise to a higher stage 
does not take place suddenly and finallv, but that it is only at 
first in certain moments and on special occasions that the con- 
sciousness, hitherto sunken in purely instinctive life, becomes 
aware of itself, only to sink back again quickly, and often not to 
reach the same point again for weeks. Only quite gradually do 
such single experiences build up a continuous, conscious, and 
plainly recollected connection and one day the little creature 
becomes a new 'personality.' 

If we may apply to this matter the ontogenetic-phylogenetic 
parallel, we must conclude that the development of mankind 
took place in a similar way. At first single highlj' gifted indivi- 
duals may have shown signs of higher mental (xiwer. S|K-cial 
occasions, for example great common danger to the herd, may 
have been the direct occasion for such mind power breaking 
through. But this again disappears, and only in the course of 
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many thousands of years will such a ‘super-consciousness’ (see 
also below) have gradually appeared more frequently and for a 
longer time. This hypothesis must at least be made by any one 
who is not willing to assume that a radical mutation, which in this 
case would be nothing but a genuine act of creation at a certain 
time (with all the objections which can be raised to such an idea), 
suddenly caused the production of a human being in a hnished 
state, from man’s immediate animal progenitor. 

We have also good grounds for supposing that the most im- 
portant part in this process was played by speech. Conceptual 
thought did not develop before language, or after it, but simul- 
taneously with it. Thinking is actually inward speech, and can 
be shown to be always accompanied in this way, indeed most 
people always think so loudly that actual movements take 
place, as we shall see below in another connection.*** The 
believers in a temporal act of creation are accustomed to object 
at this point that thinking must have existed before language 
could have come into existence as its tool. The answer is, that 
as long as language did not exist thought was impossible, for it 
is only possible to think in a language. The converse is also true, 
as we have seen above, in considering animal language. It follows 
of necessity that both must have developed together. There are 
logically some grounds for giving priority to thought, but this 
purely logical priority must not be turned into a priority in time. 
Furthermore, we must not forget that it is not language alone 
that has produced the effect, but that the use of tools, that is 
conscious action, has had as much to do with the development of 
man as conscious thought. 

When w’e take the last factor into consideration, and then 
inquire what the process of the development of language, and 
hence of abstract thought may have been, we must admit that 
we are completely ignorant and shall probably remain so. For 
it is clear in the nature of things, that we shall never be able to 
leai!) anything with certainty regarding these beginnings, since 
writing was certainly a much later discovery than language, 
while the latter naturally leaves no relics behind. We have not 
the slightest idea whether, or how, the Heidelberg or Piltdown 
man spoke. The conclusions which have been drawn from the 
development of the roots of the muscles on the jaw bones are and 
remain uncertain hypotheses. 
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The most we can hope for is some light from an investigation 
of present-day primitive peoples. We learn from these that the 
language of gesture is much more used by them than by us, and 
it is clear that it is a matter of indifference whether an optical or 
acoustical sign is used for a certain idea such as water, enemy, or 
buffalo. We maj^ therefore suppose that at first only certain 
concrete objects of everyday importance, such as those men- 
tioned, received such signs, which w’ere transmitted by sound or 
gesture to others, the beginning being made by pictorial represen- 
tation as regards sight and imitative sound as regards hearing 
(for example the mew of the cat).' This process must have taken 
a great deal of time, and new signs were only added quite 
gradually. The whole process of cultural development shows 
every 'where, without doubt, the tj'pical character of an exponential 
function; at first it goes quite slowly, then more quickly as more 
is accomplished, and ftnadly it moves at express speed. The 
reason for this is naturally that every' step forw'ard in any region 
is fertile in results for the other regions. 

If we prolong this function backwards towards prehistoric 
and historical times of which we know something, we can form 
some conception of how slowly things must have moved at first. 
This will be true for language in particular and hence for conscious 
thought. That the Ix'ginnings of technology lie in the develop- 
ment of the first simple tools, such as clubs and flints, is so obvious 
that It is hardly necessary to give any reasons for it. The most 
important invention, fire, certainly came somewhat later, but 
then formed the starting point for the whole further develop- 
ment. One of the most important stages on the further road was 
the invention of the first simple vessels, wliich led from the u.se 
of natural hollow bodies, such as coconut shells and animal 
skulls, to home-made clay vessels and baskets. 

WTiere and when these inventions were made is beyond our 
knowledge. They appeared in the later Stone Age, and at 
once became the instruments of further cultural, and particularly 
artistic, progress. The products of technology and art allow us 

^ Keferrno sliould be made to Str R Pa|fei*i» theory of the devcloj^mcnt of 
fipioex h from inirmal oral f^etture Deliberate niovcmmts of the hamh and ami« 
tt-nd to be ^ ompanjrd by movemenU of the Umgitr, etc A c hild'H fimt attempt* 
t > wnte exhibits thti fsu t anitt«jii((iy The exhaled and voiced air give* rum to 
dafierent found* a^.o^rdingly See Paget, Human Sp§4ch (London, 1930 ) 
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to follow the process called by Wundt 'heterogony of purposes'; 
the gradual liberation of the technical and aesthetic ideals from 
direct utility. Even in the oldest cultures which show clay 
vessels in any form, we already find on them a simple ornament, 
which without doubt merely satisfied an aesthetic need, and the 
same is true of all tools of prehistoric man. 

The carrying out of the technical ideal, on the other hand, the 
striving after fitness for a purpose for its own sake, is of recent 
date, and has only been clearly envisaged by modem Western 
civilisation. The technician of to-day builds his machines, build- 
ings etc., as fitly designed as possible, even when a direct necessity 
is not present. It goes against the grain with him to waste energy, 
material, or human power. He builds the foundations of a 
railway embankment, a water-way, a bridge, as strong as is 
necessary’ to carry the load, but no stronger. Ancient architects, 
on the other hand, built as strongly as they were able, accord- 
ing to the principle that double sewng holds better. Here, there- 
fore, something useful was being constructed, but utility as 
sucli was not yet the highest ideal; other ends were in \dew. 

Matters are quite analogous in the development of the sciences. 
These also, at first, serve a practical need. Geometry’ arose from 
sur\'ey’ing and architecture, physics from technical problems, 
astronomy from the necessity for calculating tlie calendar etc. 
The development of an ideal of pure science, of the discovery’ of 
truth for truth’s sake, is, as far as we are able to learn from his- 
tory', a very late development. Although we cannot subscribe 
to the traditional idea that the Greeks were the inventors of pure 
science in this sense, since it is at least doubtful whether this ideal 
did not become conscious in Egy’pt, India and even in Sumerian 
Mesopotamia long before the great period of Circek science, it 
is nevertheless certain that this scientific ideal is of very’ late date 
as compared with the total age of humanity. 

The most difficult question to answer is that concerning the 
beginnings of social life, and of the ideas of law*, morality and 
religion. Certain social institutions are already found in the 
case of many animals, to mention only insect states, herds and 
their leaders, animal 'marriages,' the care of offspring.*** There 
can hardly be any doubt that mankind possessed a first and 
simplest social connection, that of the family, from the start, for 
the great apes nearest related to him show well developeii 
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(monogamic) family life, and the love of the mothers for their young 
is proverbial. Only a very foolish view, derogatory to nature and 
only apparently' religious, can find anyrthing undignified in the 
fact that love between parents and children and married people 
is based upon our prehuman nature. Religion cannot do better 
than consider them sacred for the very reason that they are so 
deeply rooted in nature. 

The same is also true of the social instincts, which man must 
also have had like the great apes, before his development to self- 
consciousness. He has been a political animal {zoon politikon) 
in the true sense of the word from the very beginning. But in 
these matters also, heterogony has been subsequently displayed; 
rules of behaviour originally followed purely instinctively became 
‘principles of action' by reason of their coming into consciousness. 
Many such principles finally produced a general moral principle, 
the command to do good and avoid evil. Wlien, how, and where 
this first happened is again undiscoverable. We have no idea, 
for example, how far the Neanderthal or even the Heidelberg 
man was acquainted with moral or legal principles. Social rules 
certainly exist in the case of herd animals, and individuals who 
oft'end against them are relentlessly killed or dri%'en out of the 
community (solitary buffaloes or elephants). 

The still more difficult question of the origin of religion cannot 
be discussed here, for the result would be altogether too open to 
attack unless of sufficient length.*** We need only mention that 
numerous recent investigators no longer adhere to the series 
which was once very generally assumed, namely, the order of 
development, animism, fetichism, toternism, polytheism, heno- 
theism (monolatry), monotheism or pantheism. They regard, as 
more prolxible in the beginning, an indefinite belief in a mysterious 
power dwelhng in all sorts of thmgs, the inana’ which is later 
succeeded by animistic and totemistic uieas, fettshisin being a 
degenerate form, which branched off from the line of upwanl 
development. But we know in this matter also nothing with 
certainty. Religion is the only higher faculty of mankind, of 
which we cannot find any beginning in the animal kingdom. It 
is obvious only that it is closely connected with the ‘occult’ 
faculties of spiritual life (sec below), and hence we may find in 
certain animal feasts, for example in the well authenticated 
‘charming’ of birds by snakes, a certain |x»int of contact with the 
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human faculty of grasping the mysterium tremendum fascinosum 
(Otto). 

There is a great deal more that could be said on all these matters 
besides these few short remarks. But we cannot go into the 
subject any further here, and can only make two statements by 
way of conclusion. It is certainly quite wrong to represent 
prehistoric man, as is often done, as three-quarters animal,**® 
without articulate language, instigated only by lust of the chase 
and knowing only the right of the stronger; falling in herds 
upon bears, mammoths, bison, and then fighting over the booty. 
There must have been friendly relationships, common games, 
family life and social feeling even in those days; and just as 
primitive savages to-day are mostly big children, the same will 
have been true of mankind at that time. But on the other 
hand, the opposition to all exaggeration of the idea of develop- 
ment must not be driven so far as to refuse to admit any kind of 
development, and pretend that there was no serious difference 
between prehistoric man and ourselves. 

The specifically human character must have developed slowly. 
Or are we to suppose that mankind, after having been produced 
at a certain time by mutation, in other words, by an act of crea- 
tion, in a finished state, also suddenly received language, artistic 
powers, morality etc. ? WTiat language did he speak ? Possibly 
Hebrew ? This view is obviously out of the question. But if 
this be admitted, and it be granted that everj^thing must have 
developed slowly, it may nevertheless be said that development 
could not have taken place unless the potentiality were there, and 
so cannot be explained from the animal point of \dew. We may 
reply that this argument consists simply in projecting backwards 
what exists to-day as potentialities into the past. This di>es not 
bring us a single step fonvard in our understanding of things, just 
as little as does the life-force of the older vitalism. Anyone who 
admits a gradual development in all these respects has no reason 
for inugining more in the earlier stages in the form of potentialities 
than actually appears in the characteristics of tliese stages. 

The same is true, as was pointed out. concerning Dacque s 
Noachitic and Adamitic men, which were not men at all, but 
amphibians or reptiles or something else. This is merely plajang 
with words in order to cover up the conflict that certainly exists 
between the idea of development and certain ideas hitherto held 
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on the religious side, which however are found on closer examina* 
tion not to be necessary to true religion. The dignity of mankind, 
which naturally cannot give up religion without giving up itself, 
does not depend on the manner in which mankind came about, 
but upon what it now is. 

The mistake made by tlie pure evolutionists was to imagine it 
necessarj' to stamp mankind as merely a higher animal, when it 
was foimd that he was derived from the animals, and the mistake 
was made by their opponents on the religious side of believing 
this, and hence of opposing the idea of development itself, instead 
of rejecting the false conclusions drawn from it. Man has grown 
from the animal kingdom, but he is now much more than an 
animal. He stands with his feet on the earth, but his head 
reaches to heaven. He is really ‘the wanderer between two 
worlds.’ If we adhere quite clearly to this result we are now 
equipped to discuss the second group of questions, the question of 
the relationsliip of the natural foundations of human existence 
at the present time to man’s personal high intellectual powers 
and to the realm of cultural values, which he has built up with their 
aid. We will first consider the biological foundations of mental 
life. 



Ill 

BRAIN, SOUL, AND CONSCIOUSNESS 

We now proceed from what has been said in general above 
concerning the problem of body and soul, and will enlarge this 
with particular reference to human, spiritual and mental life. 

Man has the heaviest brain of all animals (absolutely; and also, 
when we exclude very small animals, relatively), a fact known to 
every school child to-day. It is evident that this is closely con- 
nected with his mental powers, since we are otherwise able to 
prove throughout the whole of the animal kingdom increase in 
mental capacity with the development of the brain. The cere- 
brum, which undoubtedly is responsible for the higher intellectual 
activities, is a late acquisition in the history of the species; it 
was preceded by the cerebellum, and this again by the prolonga- 
tion of the spinal cord called the medulla oblongata. At this 
point a particularly important investigation deserves mention, 
due to the anthropologist, Kleinschmidt*®®, who started life as 
a theologian. 

By careful comparison of the brain cavities of various recent 
and fossil human races, in particular the Neanderthal, Kleinschmidt 
showed that it is an error to draw conclusions concerning the 
mental qualities from the external form of the skull. In the case 
of the Neanderthal man for example, the strong projection of the 
bone over the eyes does not arise out of a sp)ecial form of the brain 
cavity, but is simply the result of a particularly strong develop- 
ment of the sinuses (the hollows in the bone under the eye-brows, 
which are connected with the nose, and often give rise to un- 
plea.^ lit headaches). The two annexed figures show better what 
is meant than any further description would do. According to 
Kleinschmidt's results, the differences between single races of 
man in the form of the brain are extremely small. But it is 
nevertheless true that the average brain capacity of the Negro, 
Blackfellow, etc., as compared with the European, or of the 
Neanderthal as compared witli the Aurignac. is smaller.**’ 

Kks S13 
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Concerning the functions of the various parts of the brain, and 
the question of the locahsation of the individual human faculties, 
for example, speech, hearing etc., we have thousands of special 



Fig. 84 

Modem skull, with exceptional frontal development 
Neanderthal skull, witli strong frontal development 



Fig. 85 

Actual relative sixet of iJitiiU. From Kirmschmidt's (1936; 

investigations, the results of which, though extremely interesting, 
cannot be descnberl here.*** Tire most valuable material is giv<‘n 
by pathological anatomy, then by ex{x*rtments with animals, 
which are unfortunately unavoidable in this connection, and then 
by expenrneiital psychologj'. 
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We know to-day from these investigations, that there is no 
strict localisation of single mental operations in the brain - as 
was assumed by Gall and others, but that certain areas (which 
nevertheless run into one another) are normally the bearers of 
certain faculties, for example, the association of concepts with 
speech and with writing. Nevertheless, such localisation can- 
not be proved for the highest mental operations, while it is on 
the other hand certain that they are in some way bound up with 
the correct functioning of the brain. In the war, injury to, for 
example, the moral feelings or logical powers as the result of 
brain damage was often observed, without any appearance of 
the failure of important lower senses. The patients in question 
began to tell lies, to steal, and the like, or were imable to draw 
sensible logical conclusions from given data. 

It is therefore certain that the highest spiritual and mental 
activities depend to a high degree upon the brain, but it is never- 
theless unquestionable that when the brain is damaged, other 
parts of it are able to take upon •tlK icselves the functions of the 
damaged part after a tim**, as alreauy ..tutioned above. In face 
of these facts, two views are still taiiiy directly opposed to one 
another; one regards the whole of our mental and spiritual 
operations as pure ‘functions’ of the brain, which come into being 
with it, disappear with it, and are completely dependent upon it. 
According to the other view, the brain stands in the same relation 
to the mind, as the instrument to the player. The latter is 
naturally unable to play w'hen the instrument is broken, but he 
himself is not the instrument or any function of it, but its guide 
and master. 

It need hardly be said that most scientists and medical men 
lean to the first view, which has a strong resemblance to the 
materialism of fonner times, while the other is more in favour 
with vitalists, idealistic philosophers, and theologians. The 
author is of the opinion that it is useless to discuss such matters 
at thv. present time, since we are absolutely imable to say anything 
about the details of the ps^’^cho-physical problem (see above). 
It is probable tnat neither is the mind a mere function of the 
brain nor the brain a mere tool of the mind, but that both are 
functions of an unknown 'third,' and are therefore connected with 
one another in some way - how, we do not know. 

The matter is still more mysterious to-day - although the 



NATURE AND MAN 


516 

beginning of the way to a solution may lie here - because we have 
no longer to reckon only with our conscious mental life on the one 
hand and wth our bodies on the other, but with a third factor, 
namely the ‘unconscious mind,’ which at one time was bitterly 
opposed by the extreme representatives of both the materialistic 
and the spiritualistic positions. On account ofthe fundamental 
and important r61e which these matters occupy in psychology and 
in the whole of the philosophy of nature, we must discuss them 
at greater length. ••• 

Psychology believed for many decades that it would be able to 
discover the secrets of spiritual life by means of ‘experimental 
methods.’ Much interesting matter resulted, but taking it all 
together, we are unfortunately obhged to admit that the enormous 
amount of trouble taken has hardly brought a due reward. All 
these investigations concerning associations, obstructions, re- 
flexes, etc., have not brought us any nearer to the actual problem, 
and psychology finally lost sight of its true problem, the soul or 
mind itself, entirely. Now modem psychology has made the 
important discovery’ of the unconscious life of the mind, which 
was first declared by many learned men to be a contradiction in 
terms (since ‘mental’ was supposed to be identical in meaning with 
‘conscious’) but it is nevertheless generally accepted to-day, since 
the assumption is supported by cogent reasons. 

The most important facts are those concerning psycho-analysis 
and posthypnotic suggestion. Psycho-analysis - if we omit here 
its pansexualist application by Freud - proves that what are 
called repressed complexes exist, which may influence the actions 
of a person for years and even for his whole life, without his 
being conscious of these deep-seated forces. Only by means 
of a careful ‘deep analy’sis,’ in particular with the aid of the 
analysis of dreams, can these complexes, which are hidden in the 
unconscious, be dragged to light and got rid of, whereupon the 
disturbances to normal hfe disappear. The evasion, that we arc 
here dealing as in all cases of the unconscious merely with physical 
dispositions, is not admissible, for physical dispositions are 
obviously incapable of setting going every time, in innumerable 
instances, precisely those reactions which result from the repressed 
complex and the momentary situation. Combinations of this 
kind can only be understood as mental processes; a process of 
deduction, consideration, choice, etc., must have taken place. 
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In short, nothing but purely mental processes can have preceded 
the corresponding action. 

These processes, however, take place in the imconscious, and 
it is only their result that comes to light. The matter of dream 
symbolism seems to be quite analogous. When the repressed 
feelings, wishes, etc., so often take the most extraordinary forms 
of expression in dreams - forms which can only be interpreted by 
a trained expert - mental activity is necessary for this transforma- 
tion, which simply cannot be ascribed to brain molecules or 
electrical fields of force. Dreams in this respect often act in an 
artistic manner, and artistic achievements are usually regarded as 
of a mental or spiritual nature. 

More convincing still than the psycho-analytical phenomena 
are those of post-hypnotic suggestion. Say the hypnotist gives 
the hypnotised subject a quite general order, to tell the first ac- 
quaintance that he meets next day at three o’clock something 
agreeable relating to his working life. The subject actually 
carries out this order, but is nevertheless highly surprised after- 
wards on being told that his kind remark was not a free effort of 
will, but forced upon him posthypnotically. The only possible 
conclu.sion is, that all mental processes, from the general order to 
the particular form in the given case, take place unconsciously. 
On the other hand, it is quite unimaginable how a purely material 
'historical' reaction basis, could possibly achieve such effects 
which might have an infinite variety of forms, according to which 
acquaintance the subject happens to meet. It is quite impossible 
to avoid the assumption of unconscious mental processes in this 
case. But if it is necessary to postulate them in this case it is then 
simplest to make use of them for explanatory purposes in other 
generally known cases, where for example we aie unable to find 
the solution of a problem in spite of earnest thought, but after- 
wards find that the solution comes into our mind when otherwise 
occupied. Here also everything becomes clear as soon as we as- 
suiiii that the unconscious has gone on working while the waking 
mind was busy with other things. On the other hand, to cling to 
the alternatives, conscious or bodily, must lead, here also, to the 
most absurd accessory hypotheses. 

Further reasons for the assumption of unconscious mental life 
are given by the facts of multiple personality (in bad pathological 
cases, so-called demoniacal possession), automatisms (table-turning. 
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automatic writing, etc.), in short, the whole field of those 
phenomena usually designated by the words occultism or spiritu- 
alism, which are not really occult in the narrower sense, but are 
easilj' subject to psj'chological explanation on the assumption of 
unconscious mental phenomena. They will be found in any good 
text book of so-called parapsychology,®’® and they are recognised 
by the whole of science to-day as real effects, and must not be 
confused in this respect with occult matters in the narrower sense, 
such as telepathy, clairv'oj’ance, etc., the existence of which is 
denied or at any rate much doubted, on many sides. We will 
speak of these matters at length in a short time. For the present, 
what we have said is sufficient to give some grounds for the con- 
clusion drawn above, that the supposition of unconscious mental 
life can no longer be avoided. As a matter of fact, it is made by 
far and awaj* the majority of investigators in this field, and 
we must first consider of what use it is to us in our discussion 
of the fundamental problem of the relation between body and 
soul. 

We must first of all realise that, if we are no longer able to avoid 
this assumption, the whole mental life of animals is brought into 
a new light. In this connection we must first recollect the extra- 
ordinary achievements of animals often designated by the much 
misused word, instinct. An instinctive action is defined as one 
which, on the one hand, is obviously adapted to a quite definite 
purpose which may often be only attainable by highly compli- 
cated means; but, on the other hand, cannot possibly be traced 
back to experience, since it is performed without the animals ever 
ha\'ing tried to perform the action previously, or ever having 
seen it performed. Thus, for example, the yucca moth already 
mentioned above, and flies, perform quite complicated actions in 
the flower of the palm lily and of the fig respectively without any 
prexious knowledge whatever of the position of affairs, or of the 
final rc-sult of their actions {which they do not .survive to see) . Nor 
has a spider which spins its first web immediately upon emerging 
from the egg, ever seen anything of the kind. 

In the insect kingdom, these achievements are quite particu- 
larly remarkable, and one may even say that this branch of the 
animal lungdom has developed farthest in tliis respect. But they 
are never entirely absent, and even man possesses some few in- 
stincts, such as that of sucking in the new-boni child, although 
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man represents the peak of the contrary type of development, 
that in the direction of free mental activity. An essential feature 
of instinct is that it always proceeds in the same manner. An 
animal acts under its influence as if under irresistible compulsion 
as has been shown in many interesting experiments with hymen- 
optera (wasps and bees). But, on the other hand, this automa- 
tism does again not prevent the drive, for the satisfaction of which 
the instinct exists, seeking another mode of expression when the 
external circumstances are changed. There are caterpillars, for 
example, which roll up certain leaves from quite definite points, 
usually the tip, and spin them over to form a cocoon.®’^ These 
actions always take place in the same way. But if the tip is cut 
off all leaves available for the caterpillar it can be compelled to 
perform the business in a different manner, with the production of 
a cocoon. In this case, the course of the action is changed, but 
in such a way as to accord with the original purpose. In this 
respect also, instinct resembles a hypnotic command, which like- 
wise, when deprived of the normal means of its execution, finds 
some other method. 

We can hardly be mistaken in further supposing that the 
‘tropisms’ described above, regarded from the psychological stand- 
point, are fundamentally of the same character. From these, 
however, there would appear to be a fairly continuous bridge to 
the simple reactions of a physico-chemical system, determined by 
law. Might we perhaps venture upon the hypothesis, that 
physical causality on the one hand, and conscious free action of 
man on the other, are only the extreme ends of a series, in the 
middle of which we find the phenomena just discussed, and that 
therefore, we are possibly dealing with a similar case as that of 
waves and corpuscles in modem physics ? At first they appear 
to us absolute opposites; but perhaps they are not contradictory, 
but contrary opposites, between which there is a continuous series 
of intermerhates. At present we do not know whether this is a 
possible way to solve the whole problem, nevertheless much else 
tells in its favour, as we shall see shortly. But we must first say 
a few words concerning the occult phenomena just mentioned. 

Occultism as a science is quite a recent development. As a 
superstition and pseudo-religion, as a magic art and ‘medicine,’ 
it is probably as old as hiunanity itself.*^* If we first of all refrain 
from all criticism, we can divide what is sometimes called to-day 
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automatic writing, etc.), in short, the whole field of those 
phenomena usually designated by the words occultism or spiritu- 
alism, which are not really occult in the narrower sense, but are 
easily subject to ps5’chological explanation on the assumption of 
unconscious mental phenomena. They will be found in any good 
text book of so-called parapsychology,®’® and they are recognised 
by the whole of science to-day as real effects, and must not be 
confused in this respect with occult matters in the narrower sense, 
such as telepathy, clairvoyance, etc., the existence of which is 
denied or at any rate much doubted, on many sides. We will 
speak of these matters at length in a short time. For the present, 
what we have said is sufficient to give some grounds for the con- 
clusion drawTi above, that the supposition of unconscious mental 
life can no longer be avoided. As a matter of fact, it is made by 
far and away the majority of investigators in this field, and 
we must first consider of what use it is to us in our discussion 
of the fundamental problem of the relation between body and 
soul. 

We must first of all realise that, if we are no longer able to avoid 
this assumption, the whole mental life of animals is brought into 
a new light. In this connection we must first recollect the extra- 
ordinarj’ achievements of animals often designated by the much 
misused word, instinct. An instinctive action is defined as one 
which, on the one hand, is obviously adapted to a quite definite 
purpose which may often be only attainable by highly compli- 
cated means; but, on the other hand, cannot possibly be traced 
back to experience, since it is performed without the animals ever 
ha\-ing tried to perform the action previously, or ever having 
seen it performed. Thus, for example, the yucca moth already 
mentioned above, and flies, perform quite complicated actions in 
the flower of the palm lily and of the fig respectively without any 
previous knowledge whatever of the position of affairs, or of the 
final result of their actions (which they do not surx'ive to see). Nor 
has a spider which spins its first web immediately upon emerging 
from the egg, ever seen anything of the kind. 

In the insect kingdom, these achievements are quite particu- 
larly remarkable, and one may even say that this branch of the 
animal kingdom has developed farthest in this respect. But they 
are never entirely absent, and even man possesses some few in- 
stincts, such as tliat of sucking in the new-bom cliild, although 
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man represents the peak of the contrary type of development, 
that in the direction of free mental activity. An essential feature 
of instinct is that it always proceeds in the same manner. An 
animal acts under its influence as if under irresistible compulsion 
as has been shown in many interesting experiments with hymen- 
optera (wasps and bees). But, on the other hand, this automa- 
tism does again not prevent the drive, for the satisfaction of which 
the instinct exists, seeking another mode of expression when the 
external circumstances are changed. There are caterpillars, for 
example, which roll up certain leaves from quite definite points, 
usually the tip, and spin them over to form a cocoon.®’^ These 
actions always take place in the same way. But if the tip is cut 
off all leaves available for the caterpillar it can be compelled to 
perform the business in a different manner, with the production of 
a cocoon. In this case, the course of the action is changed, but 
in such a way as to accord with the original purpose. In this 
respect also, instinct resembles a hypnotic command, which like- 
wise, when deprived of the normal means of its execution, finds 
some other method. 

We can hardly be mistaken in further supposing that the 
‘tropisms’ described above, regarded from the psychological stand- 
point, are fundamentally of the same character. From these, 
however, there would appear to be a fairly continuous bridge to 
the simple reactions of a physico-chemical system, determined by 
law. Might we perhaps venture upon the hypiothesis, that 
physical causality on the one hand, and conscious free action of 
man on the other, are only the extreme ends of a series, in the 
middle of which we find the phenomena just discussed, and that 
therefore, we are possibly dealing with a similar case as that of 
waves and corpuscles in modem physics ? At first they apfiear 
to us absolute opposites; but perhaps they are not contradictory, 
but contrary oppiosites, between which there is a continuous series 
of intermediates. At present we do not know whether this is a 
possible way to solve the whole problem, nevertheless much else 
tells in its favour, as we shall see shortly. But we must first say 
a few words concerning the occult phenomena just mentioned. 

Occultism as a science is quite a recent development. As a 
superstition and pseudo-religion, as a magic art and 'medicine,' 
it is probably as old as humanity itself.*’* If we first of all refrain 
from all criticism, we can divide what is sometimes called to-day 
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‘parapsychology’’ instead of occultism, into the following five 
main groups of phenomena (real or supposed). 

The first group is formed by the phenomena of the unconscious 
shortly referred to above, in particular therefore suggestion 
and hypnosis, automatism, cryptomnesia and cryptaesthesia 
(that is, abnormally increased power of memory and perception), 
schizophrenia and multiple personality, and some others which we 
will omit. 

The second contains the ‘parapsychical’ phenomena in the nar- 
rower sense; that is. telepathy, clairvoyance and its branch, so- 
called ‘psychometry’ (clairvoyance directed by objects), prophecy 
(clair\’oyance as regards the future). 

The third group is formed by what are called paraphysical 
phenomena: telekinesis (motion at a distance), materialisation, 
ghosts, and the like; the fourth by the so-called spiritualistic 
phenomena in the narrower sense (communication with supposed 
super-human intelligences) and the fifth by astrology' and other 
varieties of cosmological secret sciences, in which must be reck- 
oned theosophy and anthroposophy. With the latter the circle is 
closed, for from this point we are led immediately back to the 
phenomena of the first group, in particular, schizophreny; the 
mj'stics of all shades belong with their ecstasies to the first group, 
but also on the other hand in the main to the fifth group. 

Unfortunately, space will not aUow us to discuss all these 
matters in a way sufficient to do justice to the subject, a know- 
ledge of which is absolutely essential if one is to get as clear a 
view as possible concerning the final questions of the philosophy 
of nature. I must therefore expressly ask the reader at this jx)int to 
consult a good modem description of the matter,*’® and must limit 
myself here to a few short indications of the most important points. 

As regards the first group, the super-normal powers of the un- 
conscious, we are chiefly interested in the crj'ptomnesic and 
crj'ptaesthetic phenomena. It is certain that the unconscious 
retains not only the memory of things long ago forgotten, but also 
of things which were perceived with some sense organ or another, 
but not ‘apperceived,’ that is, not made clear to consciousness; 
amongst others, those images which were only received upon the 
edge of the retina, and never consciously. The case of the servant 
girl is famous, who suddenly spoke Hebrew when in a fever. It 
was proved that she had been in service twenty years before with 
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a clergyman who was accustomed to walk up and down his room 
for half an hour and read aloud from a Hebrew bible while the 
girl cleaned the room. In other cases®’® unexceptionable proof 
was given that persons had noted matters which they could only 
have derived from a newspaper lying in a cafe which they had 
glanced at as they passed, but about which they had not the 
least knowledge. 

The well-known fact, often confirmed, that in moments of the 
greatest danger, the events of the whole life with their smallest 
details, pass before the inward eye like a film, depends upon this 
entirely unexpected memory power of the unconscious. The best 
proofs of hyperaesthesia are given by certain experiments on sensi- 
tive persons, which may of course be easily falsified by uncon- 
scious suggestion and perhaps by telepathy. The most famous of 
these are the investigations of ChowTin,®’* whose subject was able 
to decipher writing by feeling with the hand through seven sheets 
of writing paper laid upon the top of it, and curiously enough 
was also able to recognise the colours of papers contained in closely 
sealed cardboard boxes, in the same manner. In this case, the fact 
that the power diminished with increase in the number of the 
sheets of paper is in favour of telepathy and true clairvoyance 
having been excluded. 

The phenomena of hypnosis and suggestion are generally well 
known to-day. ^^’c need only remark that in these conditions, as 
in the case of the very closely allied autohj'pnosis or trance, we 
arc dealing with a more or less complete elimination of the guiding 
consciousness, in such a w’ay that either the unconscious is able to 
act freely, or a guidance is taken over by a foreign consciousness. 
The hyperaesthesia of ‘mediums’ (that is to say, persons with a 
strong tendency towards elimination of the consciousness) has the 
effect of causing them to react to the verj' slightest hint of the 
experimenter. And thus in telepathic and other series of experi- 
ments numerous sources of error arise in this way. It is certain, 
for I xample, that such persons are able to read off the reversed 
image of playing cards held in the hand and reflected in the eye 
of the experimenter, and are thus liable to simulate clair\’oyance 
or telepathy. Likewise, they are able to perceive and interpret 
the quite involuntary whispers or movements of whispering which 
most people make when thinking intensely about a certain matter, 
which may again simulate telepathic powers.*’® 



NATURE AND MAN 


522 

It occasionally happens that narrower and more durable com- 
plexes are formed within the unconscious, which represents the 
total sum of all ideas and wishes which have been purposely re- 
pressed as unethical in the course of the individual life. This 
may further lead to the complete formation of a second person- 
ality, which generally alternates with the normal personality, one 
not knowing what the other has said and done. In less common 
cases, however, both f)ersonalities exist together, and cause ex- 
tremely painful states of mental strain. The case of Miss Beau- 
champ is well known, whose two personalities were finally welded 
together by Dr. Prince, who also described the case. 

High degrees of schizophrenia of this kind must have played a 
decisive part in tlie witch hunts of the Middle Ages, but they are 
also present in the case of our present-day mediums, magicians, 
and ecstatics. Only, on account of the changed conditions, the 
split-off personalities give themselves out to-day as the spirits of 
the dead, while in those days they figured as devdls and evil spirits. 

This subterranean world exists more or less in everj’one, and 
only dreams, and possibly hypnotic experiments, throw any light 
into it. If these depths are analysed in this way, or by means of 
the ‘automatisms* (table-turning, automatic witing, etc.) a strik- 
ing fact is the peculiar power of the unconscious to make use of all 
kinds of symbolic expressions. The complexes of \%Tshes or ideas 
which are repressed in waking life, in particular those of an erotic 
description, form themselves in dreams (also under anaesthetics) 
into many very strange symbols, and the very remarkable 
phenomenon called transposition takes place. A group of ideas 
which, for example, were originally of a visual nature (things seen, 
etc.) is rev ealed in an acoustic form, for example as conversation, 
but nevertheless betrays its real nature by the identity of the con- 
tents. This peculiarity of the unconscious, which has often been 
observed Is the reason for many apparent occult phenomena (and 
also, by the way, gives a new and striking proof against the 
purely physiological theory of the unconscious, since such a 
transposition undoubtedly represents the result of mental work). 

W'e now come to the occult phenomena theimelves, and will 
take first the second group, the parap)sychical phenomena tele- 
pathy and clairvoyance, with their various sub-divisions. Twenty 
years ago, the hnc was drawn very decisively by orthodox science 
between the phenomena just discussed, whicli were regarded as 
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genuine, and the latter phenomena which were regarded as false. 
But quite recently a change of opinion has taken place, and the 
second group also is now regarded as genuine in principle (although 
not in every individual case). In other words, it is agreed that 
there is such a thing as true knowledge of the content of another 
person’s mental life, which is not transmitted in the usual way 
by the known senses. Even such critical investigators as Leh- 
mann, Dessoir and Baerwald, admit to-day the existence of 
genuine telepathy. Only a few recalcitrants such as Moll, Bruhn 
and others, still strive to hold the old position, but they may be 
regarded as already defeated, since the number of proofs of the 
other view is too great. Further information will be found in all 
later books on parapsychology, even those written from a highly 
critical point of view.®^® 

Instead of many instances, we will only give the most famous, 
the story of the watch. After the American medium, Mrs. Piper, 
had been in England for a few days, she was investigated by a 
committee which she had never seen before, and one of these, 
the physicist, Oliver Lodge, handed her a gold watch. Mrs. Piper 
declared that the watch had belonged to a deceased uncle of 
Lodge’s (Uncle Jeremiah) who had had an accident once while 
swimming with his brother, who was long dead and who had not 
been known to Lodge; that the boy had owned a gun and a 
stuffed snake, and had once, together with his brother and other 
boys, beaten a cat to death on Smith’s field. These statements 
could all be verified with the exp>enditure of great trouble. It is 
impossible to suppose that Mrs. Piper, already knowing in America 
that Lodge would be present among the investigators, emploj-ed 
an army of private detectives to find out all about Lodge’s uncle. 
This hypothesis is of no value when we consider how much 
trouble private investigators, who knew all the family relation- 
ships, had to confirm these stories by questioning old people at 
the Iiome towm of the unde, etc. Mrs. Piper would have had to be 
a Cioesus in order to be able to perform this feat, not only in this 
but in very many other cases. 

We arc obliged to assume that a genuine occult phenomenon 
happened, that is to say, something that cannot be explained by 
our piesent methods. Mrs. Piper, like all mediums, believed that 
the spirit of the dead unde had been talking through her. For 
science, however, one of two suppositions is sixffident, either that 
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the stories were buried in Lodge's unconscious mind from the 
days of his childhood, and that Mrs. Piper took them telepathic- 
ally from this source, or that there is really such a thing as 
genuine clairvoyance, that is, a view of the past orientated by a 
certain object. (In occult literature this kind of clairvoyance is 
called psychometry.) 

In the present case it is difficult to decide between the two 
hj'potheses. The fact that Lodge knew nothing of the stories 
does not prove anything, on account of the hypermnesia of the 
unconscious. Sindlar remarkable results have been recently 
produced by Doctor Pagenstecher, a medical man of German 
origin from Mexico, with his medium, Maria Reyes de Z, Here 
again the question as to whether telepathy or true clairvoyance is 
the explanation is difficult to decide for the present.*’® 

Critical investigators, such as Baerwald, are inclined to-day, 
in view of tlie impossibility of denying such really occult pheno- 
mena, to admit telepathy, but to continue to reject everything 
else as supersensual. Telepathy would then be explicable by 
known physical processes, since wireless telegraphy proves the 
possibility of the conveyance of inteUigible pictures by means of 
electric waves, even through empty space. It is supposed that 
something similar may lie behind telepathy. It might l)e as- 
sumed that the transmitter and receiver, which in any case are 
usually people who are spiritually ‘in tune,' represent a certain 
analogy- to the transmitter and receiver in wireless. 

The author believes that there is serious objection to be made 
to the hypwthesis. If telepathy, the existence of which can 
hardly be denied any longer, depends upon physical transmission 
of energy-, it would certainly have the characteristic possessed by 
all transmissions of energj’ through space that it would decrease in 
intensity with the square of the distance. Nothing of this kind 
appears in the cases which have been reported, a.ssuming their 
genuineness. The communication between two minds or brains 
takes place, so it appears, with equal clarity at any distance, 
spontaneous cases of this kind being reported as happening at a 
distance of many thousands of kilometres across the ocean; and 
there is certainly no sign of iiigher intensity when the distance is 
very snudl. 

1 o this objection we must add a second. The supporters of the 
view in question are compelled to interpret ail cases whicli on the 
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face of them suggest true clairvoyance (telepathy being apparently 
impossible) in this peculiar manner, which often leads to very 
forced hypotheses. One of the most striking cases of this kind 
is that of the Loretto chapel, which will be found in Baerwald. 
The English archaeologist, Bligh Bond, who had the task of 
excavating at an abbey destroyed during the Reformation amd 
partly buried, conceived the idea of asking a well-known medium to 
describe, by means of automatic writing, the position and charac- 
ter of the remains which he might expect to find. The ‘spirits’ 
called up by this medium, those of the one time abbots, etc., not 
merely gave a description (of the Edgar Chapel: Tr.) afterwards 
confirmed in detail, but also an indication that close to the abbey 
another building would be found buried, the Loretto chapel. 
Bligh Bond sought for this twice without result, but finally found 
it after the war in 1919, and again it proved to be exactly as 
described by the medium. 

It is clear that this case is inexplicable on a natural basis, that 
is to say, by means which we are accustomed to imagine. Baer- 
wald wishes to refer it to telepathy; he thinks that Bligh Bond 
may perhaps once have had in his band an old document, or 
something of the kind, which he had now long forgotten, but in 
which these things were described - the medium having drawn 
this knowledge from his unconscious mind. The possibility is 
certainly imaginable, but it does not appear very probable to the 
author. For a detailed description as given by the medium 
requires that Bligh Bond did not merely read the documents or 
plan in question once and hastily, without taking them into his 
waking consciousness. Even the unconscious cannot take in 
more than is offered to it. But the knowledge in question would 
have necessitated the reading of several pages, or even a whole 
volume. That could only occur consciously, but then the 
supposition that a professional archaeologist would forget such a 
thing is extremely improbable. 

It must furthermore not be forgotten that the first excavation 
was already correctly foreshadowed. Bligh Bond must therefore 
have found out about both monuments in some way or another 
from such documents. It appears much simpler and more 
obvious in this case to suppose that the medium was actually 
able, by reason of the questions put by Bligh Bond, to feel his way 
as it were, in some way unknown to us, to the things themselves; in 
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other words the supposition of true clairvoyance, in this case 
spatial. 

Before turning to the question of the consequences which 
follow on an eventual recognition of this whole group of phe- 
nomena, we will say first a few words concerning the other three 
groups of phenomena. During the last decades, it is less the 
parapsychical, than the paraphysical phenomena which have 
been the subject of controversy, particularly since their chief 
supporter, Schrenck-Notzing, succeeded in gaining over a large 
number of well-known German intellectuals, who became more or 
less confirmed supporters of his ideas. Though this controversy 
is not yet decided, the author feels justified in sa5ing that a very 
extended study of the literature*^* has not so far been able to 
con\ince him that these phenomena are, like those of the first 
group, to be regarded as established facts. 

On the contraiy, a study of this kind produces the uncom- 
fortable feeling of walking on a swamp, in w'hich healthy common- 
sense is liable to sink. The whole arrangement of the experiments 
in question, above all their production, almost without exception, 
in dark rooms, the frequent cases in which mediums have been 
proved guilty of various kinds of fraudulent practices, and the 
notoriously uncritical and prejudiced attitude of many of the 
most active investigators, all produce the impression that we 
have no real guarantee against error and conscious or unconscious 
deceit by the medium. Quite difterent and much less exception- 
able means of objective determination must be used, such as 
photography or cinematography with invisible light. It would 
lead us too far to give reasons for all this at this point, and hence 
I must refer the reader to the special literature. 

The only part of this group, wliich seems to me to have some- 
thing in it, is that of the spontaneous appearance of ghosts and 
phantoms. But here, as was shown by the detailed investigation 
and criticism of Baerwald, it is so extremely difficult to decide 
between really new phenomena and telepathy, that I do not feel 
qualified to draw any final conclusion. I think that any in- 
vestigator who approaches the subject without prejudice will 
come to the same conclusion. A strong argument in favour of the 
telepathic explanation of the phenomena in question, is that 
persons who experience them together often perceive quite 
different things; some sec somctliing, others hear something, and 
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SO on. This entirely corresponds to what was called above 
‘transposition/ in connexion with complexes of sensations 
perceived or produced unconsciously. The fact also, that other 
persons present (namely those without any 'gifts’ of ‘mediumship’) 
see nothing at all, tells in favour of this interpretation. But it 
must not be denied that a great deal can be said against it. 

The whole hypothesis would be refuted at a single blow if it 
should really be proved, as appears in a few cases, that the 
phantoms in question are able to effect mechanical motions. But 
I should not hke to assert that the reports at present available are 
sufficient to prove this, though many who have worked on the 
subject, for example, the philosophers T. K. Oesterreich and 
A. Messer, already do so. The total results in this field do not 
allow of a verdict at present. It is to be hoped that new and 
more methodical methods will soon enable ik to see more clearly. 
The matter available at present is, in my opinion, ninety per cent, 
of it completely worthless, and the remainder uncertain. I am 
obliged, as I have said, to state this conclusion here without being 
able to give further reasons for it, and hence would ask the 
reader once more to look through the relevant literature for 
himself. 

We now come to the fourth and fifth group, the phenomena 
which claim to prove communication with another world. As 
far as I can see, the great majority, at least of German 
scientific occultists, reject these phenomena, or at any rate place 
a large question mark against them. Oesterreich has quite 
correctly pwinted out that it is fundamentally impossible to 
demonstrate a truly spiritualistic interpretation of the phenomena 
in question. Whatever the superhuman intelligences in question 
may tell us must, if it be taken seriously, first of all be confirmed 
in some way. But this can only be done by asking questions of 
witnesses, or by finding out something about non-hving objects. 
Buf both of these may always be interpreted as telepathy or true 
clairvoyance. 

It is dijSicult to meet this argument. Neither the so-called 
‘minutes,’ or the ‘cross correspondences’ equally often brought 
forward, can avoid the dififictilty. Only one way, as I can see 
would lead to a proof of the existence of independent intelligences 
beyond those of man: if, namely, the mediums were to produce 
revelations of an artistic, ethical or scientific description which 
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therefore transmits sounds in the first instance, and they only 
acquire a sense because they produce words which have a 
meaning. For this purpose, a complicated technique of send- 
ing is necessary. How are the ‘brain waves’ to produce the 
same eflect ? 

We need to supply a whole number of new h3rpotheses, in order 
to give any kind of plausible explanation. In any case we know 
absolutely nothing about the whole matter from this point of 
\-ie\v, but are merely inventing ad hoc, simply in order to hold on 
to a pht'sical theory at all costs. To the author this does not 
appear to be the right way at all. Psychological phenomena 
should be understood first of all on a psychological basis, that is 
to say, they should be as far as possible arranged to give wide 
psychological relationsliips. Baerwald himself refuses to attempt 
to refer the productions of the unconscious directly to physical 
laws, and he is quite right in doing so, even if he may also think 
that such a thing may be possible later. 

Let us therefore ask ourselves whether the matters we are dis- 
cussing. both clairt’oyance and telepathy, may not perhaps be 
naturally brought into a more general psychological connexion. 
This appears to the author to be the case. We need only 
remember what was said above concerning organic 'wholes,' and 
concerning the ht'pothcsis of a spiritual connexion transcending 
the individual, to see that in this way telepathy and clairvoyance 
may l>e understood in a general way even if they cannot be 
actually explained. Since there is no doubt that primitive races 
have a much stronger inborn 'mediumship' than the more civilised 
Europeans, we can only conclude that .self-conscioasness is the 
last and latest spiritual acquisition, and it would follow 
from this that man through his unconscioas may extend into 
those 'super' or perhaps more correctly 'sub' individual regions, 
of which we spoke in connection with animal psycliology (see 
page 423). 

But if, as we there saw, the limits of so-called individuals in 
these domains become just as unsharp as they have long appeared 
to the eye of the ph>’sicist; or in other words, if the unquestionable 
univers^ inter-connexion of nature has for its counterpart a 
similar connexion in the spiritual world, we may perhaps be 
able to make the matter dearer by means of the following 
picture. 'Ihe upper or self-consciousness is like the fairly narrow, 
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brightly illuminated, surface of the sea upon which the light from 
a lighthouse falls, while the unconscious is the dark and unfathom- 
able depths which lie below it. Or the consciousness, the ego, is 
the single wave upon this sea of spiritual happening, the un- 
conscious, on the other hand, the sea itself; down below there are 
no single waves any longer, but only water itself. 

Telepathy would then be regarded as a faculty possessed by 
certain people who are able, more easily than the vast majority, 
to descend into the depths of the unconscious (or better, perhaps, 
to fetch up something from it). When in these depths, they are 
able as it were to feel their way to regions quite inaccessible as a 
rule to the consciousness (the ego), namely complexes belonging 
to another ‘individual’ (telepathy), or even to a dead collection 
of events, not generally regarded as having any spiritual nature 
(clair\'oyance). Indeed, clairvoyance in time, which is prophecy,®** 
might also be included by this means, since it would be a matter 
of indifierence from the point of view of the Minkowski universe, 
whether this feeling-of-the-way took place in the ‘time-like’ or 
‘space-like’ direction of the world. 

Hypotheses such as these, when measured according to the 
science of thirty years ago, are incredible, but when examined 
more closely they lose their strangeness. W'^e must realise that 
the universal physical connexion of the Cosmos was like^^■ise once 
merely a vague idea, which has only acquired life and content by 
its special development in the latest physics. In the same way, 
the idea of panpsychism might also gradually develop from a mere 
philosophical programme into a well-founded scientific doctrine, 
the question simply being whether the facts give it sufficient 
support. This appears to the author, after considering the whole 
present position of biological, psychological (including animal) 
and occult research, to be the case in so high a degree that he felt 
no hesitation in giving the hypothesis so large a space. 

It “should be remarked that Eduard von Hauptmann, who was 
fifty years before his time in this matter, expressed the idea in 
full detail and with the most serious criticism,*** at a time when 
the whole of science was entangled in materialistic dogma on the 
one side, and in uselessly gyrating around Kant’s work on the 
other. 

Kant, by the way, also interested himself at times in the 
problem of occultism, as his book. Dreams of a Seer of Spirits, 
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proves. This happened under the impression produced by the 
works of the well-known Swedish Bishop Swedenborg, who, 
according to all reports, must have been an unusually gifted 
medium.*** Kant, it is true, did not reach any positive position, 
the material at his disposal being too defective to render this 
possible. 

Occultist investigation first gained firmer ground by the valu- 
able work of the English Society for Psychical Research. It is 
unfortunate that in Germany this position of quiet objectivity 
has not yet been reached. For the present, occultism in Germany 
is still a matter of parties, so that there are pro-occultists and 
anti-occultists; this is about the same as if there were pro-physicists 
and anti-physicists. Let us hope that we shall soon reach a point 
at which there are only investigators. 

Let us now see what further consequences can be drawn from 
our ht'pothesis, always remaining conscious that we are upon 
uncertain ground and that we can only make a few loose supposi- 
tions. If such a thing as true prevision of the future exists - 
and there are a number of well attested cases, in which everj’ 
other interpretation leads to violence to the fact; 1 may mention 
the Holt and Genthes cases*** - we cannot avoid the recognition 
of a certain determinism. In some way or another then, it must 
be possible to know, or at least to make a probable guess concern- 
ing the future state of the world as a consequence of the present, 
and that not only by all the means of science known to us, but 
also by direct intuition on the part of the mediums.*** This 
once more bangs us to the problem of time, to whicli we have 
referred several times already, and also to the problem of the 
will, which is particularly interesting at this point. How are we 
to regard these problems from the standpoint of a panpsydiical 
view of the world, when we include what modem physics, with 
its doctnnes of relativity and the quantum, have taught us about 
the fundamentals of material existence ? 

As we have already seen, it is not improbable that physics 
will be able to eliminate the concept of substance from its sjrstem 
completely before very long, all its laws being then reduced to 
formal, anthmetical relations of an indifferent Something. We 
Lave already mentioned Eddington's view that this something 
might, according to its nature, be the psychical and we stated 
tliat in our opinion this was meant, not in an epistemological. 
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conscientialist sense but in a n)etaph3rsical, spiritualist sense. 
The whole material world would, therefore, be only a formal 
constitution of this psychical, in which it appears for one of its 
own parts, namely the individual soul. 

If we take this as the basis of our further considerations, we 
are first confronted with the question as to the application of the 
time form to this metaphysical background of the world, the 
universal-psychical. Erich Becher, who was himself a believer 
in this idea, held on, as we have already mentioned above, to the 
transcendental validity of time. But the epistemological reasons 
which he gave for this are not convincing, as the author believes 
himself to have demonstrated in another place,**’ and as one of 
Becher’s scholars, A. Wenzl, who has recently worked u]X)n the 
problem**’ admits. 

The real ground for Becher 's position was, as the author already 
suspected, his attitude in the problem of body and soul. Becher 
was a believer in the interaction theory, and since he saw in 
causality a direct succession in time, he was obliged to leave the 
time factor in the psychical, which he regarded as the last reality 
of the world, and w'hich appears to us in part directly as such, 
and in part also in the (mathematical) form of matter. But since 
we have already decided above (see page 244), on account of the 
theory of relativity, to admit no difference in this respect as 
regards space and time, but to regard both as mere forms of 
appearance of a transcendental order, the further question arises 
how this is to be made to agree with the panpsychical hypothesis 
just discussed. 

In order to iinswer this question, we must first ask whether 
there can be such a thing as the psychical if time be eliminated. 
Direct impression causes us to answer no. For our own spiritual 
being is unquestionably in time, and not in space. A sensation, 
an action lasts just so many seconds, but does not occupy a space of 
so m.ii y cubic inches. This is the reason why it is so much more 
difficult to abstract from time than from space. 

But there are psychical existences which are independent of 
time. Among these are the theoretical truths, such as the laws 
of pure arithmetic, but above all, all values. All these are ‘valid,' 
they have no duration, they have not come into existence, all 
that has come into existence is their temporal expression in man, 
but the validity of an arithmetical law is obviously independent 
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of the time and manner of its discovery. Here we have the 
spiritual - for such law's cannot be called material - the being 
of which stands outside time (it is the great achievement of the 
GegenstandsOuorie that it has made this fact clear as opposed to 
aJl psychologism)*** and can therefore serve us as a characteristic 
example for the timelessly psychical. 

But Bccher would perhaps say that although this is true for 
logic and for values, the spiritu^, in the connexion we are dis- 
cussing, also exhibits itself as acting, and that the concept of 
action, as well as that of aim (in other words the teleology of 
organic nature) contain the time concept. This objection is 
perhaps met by a comparison. Let us consider for a moment 
the work of an artist, which is always used as a figure of the divine 
creative power, and let it be a composer whose work we consider. 
In his work we have, it is true, time succession contained as an 
essential of its constitution; melody, rhjdhm, and dynamic are 
nothing without the time in which they take place; only harmony 
is beyond time, it does not happen, but simply exists. 

But it is a generally knowm fact that another art produces 
quite similar effects to music, namely architecture. Our Gothic 
cathedrals have been called 'frozen music,' and it is true that 
the lines of such buildings have an effect similar to melody, 
although they do not take place in sequence of time, but simply 
exist. The comparison may help us in imagining a Ulos, an 
action that is without time. W'hat in melody is significant 
succession, is, in the curves of the cathedral, significant form, 
which the consciousness, in 'travelling over it' (see above), experi- 
ences in a manner quite analogous to the manner in which it 
experiences melody. In this way we may perhaps form some 
notion of the way in which the universal psychic^ is effective, 
without bringing it dowTi into time. 

But it is in this connexion that the problem of freedom b to 
be considered, which as we know, b usually formulated by asking 
whether I can act at a given moment in one w'ay or another. As 
soon as we adopt Minkow’ski's point of view-, we recognise that we 
are dealing with none other than the problem already known to 
us, that of the contingency of the world. VVe saw above that 
tins may possibly be abolished in view of the general 'thusness' of 
the world, its subjection to laws, which would mean that it could 
be resolved into pure arithmetic, namely, an arithmetic of a 
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statistical kind (see above page 216). But we also saw that this 
more than ever results in the ‘historical prime structure’ of the 
world, that is to say its peculiar state here and now, becoming 
completely contingent. And we further saw (see page 217 f.) that, 
according to the new physics, it is no longer permissible to regard 
this historical prime structure as completely determined by two 
(generally infinitely close) world sections t=ti, and t=t2, but that 
we must rather spread the freedom thus left for the initial state 
over the whole 'world,' the division of which into time and space 
does not appear necessary in any case. 

If we continue this line of thought with special reference to our 
present problem, the result is that the statistical laws of physics 
(and only this kind of physics remains) are related to the assumed 
action of the psychical which really finally constitutes the world, 
as, for example, the suicide or marriage statistics are related to 
these actions regarded singly. These actions may be regarded as 
completely free, or in any case statistics has nothing to do with 
their causality taken singly, any more than physics (according to 
the quantum theory) is interested in the possible sub-atomic 
causality. Such action would be, regarded timelessly, nothing 
but a simple ‘placing,’ and freedom would mean nothing more than 
that no such logical connexion exists between these placings as 
would imply that when two (see above) were given, all the others 
would be given. 

On the contrary, within certain limits given by the statistical 
rule but not dearly defined, a certain freedom would exist for each 
single placing. If we then at the same time bear in mind the 
hierarchy of the teleological view of nature discussed on pages 398 
and 432, according to which the lower always forms a member or 
organ of the higher, we may perhaps form an approximate idea 
of the true position of affairs. 

I am inclined to suppose that Kant also had something similar 
in mind, when he formulated his doctrine of the 'empirically 
unfree,’ but 'intelligibly free’ characters, and that it was only his 
rejection of all metaphysical speculation which prevented him 
from filling his simple ‘postulate’ with detailed content. He could 
hardly act otherwise in view of the classical mechanistic world- 
pictiue of physics which was present to his mind. 

In this sense, the freedom would be directly comparable to the 
freedom of the artist who gives his work form within the rules 
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imposed by his art. Only that in our case, the form-giving world- 
will is divided up into innumerable individual wills, which in their 
arrangement in steps, form the Cosmos. We shall return to the 
problem of e^'il, which is directly connected with this, later ; at this 
point we are dealing wth the problem of freedom as such. 

We now see to what answer our question, propounded at the 
beginning of this discussion leads us, the problem namely as to 
what a possible proof of true prophetic clairvoyance would mean. 
The answer is that clairvoyance would prove nothing more than 
our present day rational or scientific prediction of the future also 
proves, namely that what happens in the world alway's follows 
rules. This, of course does not mean that the clairvoyant arrives 
at his knowledge by the same means that we use in arriving at 
rational conclusions. He simply knows it, just as we know our 
own spiritual world; we have it, we do not discover it. The fact 
that he has this more comprehensive knowledge proves, concern- 
ing the regularity of world ev’ents, no more and no less than our 
own direct knowledge of ourselv’es. The psycliology of associa- 
tion proves that rules also hold for our minds. Another person 
would be able, on the basis of this knowledge, to predict of us at 
least certain psychical processes. Nevertheless, this does not 
compel us to accept absolute determinism. 

When the author therefore rejects the Becher-Wenzl thesis 
that time relations must be ascrilx*d to the noumena, he never- 
theless agrees with Wenzl that the laws of the Minkowski world, 
in other words, world-mathematics, only imply a framework law 
within which free placing exists, or in other words, that a contin- 
gency of the whole world process in all its parts is possible. 

We must at this point once again remark, that it is certainly 
not a matter of chance when the only being in the world knowm 
to us to be consciously in possession of the law' of causality, is also 
precisely the being which feels itself to be free. In truth, the fecl- 
ui^ of freedom and the need for causality arc obv'iously only two 
sides of one and the same set of facts. Man seeks for reasons 
either in himself or elsewhere, the first implying the consciousness 
of freedom, the second the demand for causality. For this reason 
alone, the usual proofs of determinism are tricks, they resemble 
the snake which eats itself up by starting with its own tail. We 
must, however, once more emphasise the fact, stated at the con- 
clusion of our study of physics, that all considerations of this kind 
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do not alter the dependence of the physical course of events upon 
statistical regularity, to an extent which, in practice, amotmts to 
absolute calculability. 

It is perhaps allowable to form the further hypothesis, that the 
strictness of this regularity diminishes progressively in the series 
of successively superimposed voluntary actions; that for example 
human actions can only be calculated with a considerably less 
degree of probability than those of animals, and these again with 
a less probability than those say of the unicellular organisms. In 
this way we should arrive at a series of stages of freedom, at the 
highest point of which the World Being itself would stamd with 
perfect freedom, since its action, the world namely, only happens 
once, thus of course excluding entirely the rules of statistics. 

These considerations have, it is true, brought us right into the 
middle of metaphysics, and many of our readers have perhaps 
already thought that we have been imtrue to our original plan. 
The author nevertheless regarded it as necessary to discuss these 
ideas, the general lines of which were already in his mind in ear- 
lier editions, somewhat more in detail in the present edition, since 
times have changed as regards our taste for metaphysics, and 
hence what might once have appeared a virtue, might now be 
felt as a deficiency. 

He may also be reproached with the fact that occultism is now 
given a much larger space than was originally the case. It must 
be said in reply that this is not the fault of the author, but lies in 
the nature of the matter, since these questions call for detailed con- 
sideration at present. Our whole world picture is enlarged to 
sucli an extent by these results - even if it is only telepathy that 
is really true - that we are obliged to take notice of them whether 
we like or not. The role of the spiritual has been enlarged to a 
degree previously unimagined, and this fact cannot be any longer 
denied even by the most confirmed mechanist. It is quite cer- 
tain!} no longer permissible to regard it merely as a peculiar 
accompaniment of certain central nerve organs, and something 
of no mterest to a serious scientist. 

We have already said above (|>age4io), clearly and plainly, and 
we rej^at here, that spiritual phenomena have just as much right 
to be regarded as a part of science as bodily, since both are un- 
doubtedly equally red. Mere behaviourism simply results in our 
closing the road to the most important problems. As long as we 
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are willing to reckon biology as a science, psychology also must, 
at least in jjart, be added. Biology wthout psychology is a torso, 
for liWng beings experience sensation, and act. 

The objection tliat this leads to the whole of human civilised 
acti\ity being a part of science, since it also depends upon spiritual 
acti^^ty, has no cogency. For in it we have a new emergent, and 
it has been the custom to designate the sciences dealing with these 
matters as the sciences of mind or culture; we can see no reason 
for altering this procedure. It is of course, true that psychology, 
along with its natural science side, has also a moral science side, 
just as biolog}' has, along with its psychological and vitalistic 
side, a phj-sico-chemical side. The natural-scientific side of 
psycholog}' ob\iously affords the foundation for a quite general 
science of psycholog}', and not only one especially relating to 
human beings (the usual psycholog}') and to animals, but one com- 
prising the whole realm of life, that is to say, a description of the 
spiritual side of the whole of natural life. 

This problem has hardly yet been seriously attacked, and per- 
haps can only be further developed when the single psychologies, 
particular!}' those of the lower animals, shall have produced more 
definite results. We must learn that, in this field as in physics, 
the successful construction of a general theoretical basis cannot 
succeed at the first attempt, but that we shall have to strive for it 
for a long time to come. But the programme can already be out- 
hnt'd without any doubt at all, and all the positivist dogmas in 
the world will not prevent it. It is characteristic that certain 
positivist cirdc*s are already again opposing ail attempts of this 
kind, just as once they opposed every attempt at a consistent 
theory of ph}'sics, by branding in both cases all attempts as 
metaphysical, and striving to ban them from science. 

We are willing to recognise careful criticism thus put forward 
as necessary' and commendable, but we reject the fundamental 
position upon which this negation is based. This is what Goethe 
satirised in his well-known lines concerning ‘Learned Gentlemen.' 
‘The world is deep, and deeper than our daily thought' (Nietzsclie). 
He who forgets this finally loses all contact with coming scientific 
development. 'Ihe only possibility of progress lies in the com- 
binaUon of the soberest possible criticism with the most open- 
minded readiness to consider seriously everything really new. In 
this sense, mcxlem scientific occultism also deserves consideration. 
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We cannot be too careful, but we can equally abstain from dog- 
matism. ••• 

With this we must make an end of the subject and consider 
another side of the connexion of human civilisation with the 
natural biological conditions of man’s existence. This side has 
been touched upon several times above, but it has been left to this 
point for more detailed consideration. 



IV 


HEREDITY AND CULTURE 

We remark at the beginning that this theme is naturally divided 
into two parts. The first deals wth the question as to what influ- 
ence the difierences between human races, which are of course 
each the bearers of certain heredity characteristics, have on their 
cultural achievements; and the second is the more general ques- 
tion as to how the cultural efficiency within single peoples or 
races, is di%ided between the various racial strains. Race hygiene, 
or eugenics, seeks to draw practical consequences from the second 
group of facts. We must, howev'er, when using the first of these 
two terms, bear in mind that 'race' is used in a different sense 
than in anthropologj', in which this word implies such differences 
as Negro and Indian, Nordic and Alpine; whereas in so called race 
hygiene no such considerations enter, at least directly. First 
therefore we will take: 

(a) Rac€ and CuUure 

Here we are dealing with one of the most controversial subjects 
of the present day and hence must be doubly careful, but the 
author fell that it was not feasible in present circumstances to 
evade the subject entirely. 

The definition of the concept of a race of mankind is very 
difficult to formulate in a way not open to objection. We under- 
stand by the term in general a group of human beings, which is 
plainly distinguished from other similar groups by bodily and 
perhaps mental characteristics, these characteristics being trans- 
mitted by heredity in a constant manner. For the latter reason, 
the Mulattos are not a constant race, since their offspring Mcn- 
dehse; whereas say, the Mongols, the Malays, the Papuans, the 
Hottentots, the Bushmen, etc,, are without doubt recognisable 
races, whose* characteristic complexes of racial peculiarities always 
reappear in their purc-bred offspring. 

540 
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Before we pass on to the more difficult cases, and especially the 
Europeans, we must indulge in a short epistemological discussion. 
In mathematics and for the most part in theoretical physics, whidi 
of course serve as examples to the other sciences of the formation 
of exact concepts and judgments, we deal with sharply defined 
concepts, that is to say, with such the extent and content of which 
can be stated exactly, and which hence permit us to say with 
certainty in every single case, whether the case falls within the 
range of the concept. 

In the other sciences, on the other hand, and especially in all 
'existential’ sciences (see above), which have to deal with the 
multiplicity of real life, the stipulation of absolutely sharp con- 
cepts does not bring us any further; not only, as is generally 
thought, for the present, but quite fundamentally, as we shall see 
immediately. It is wrong in principle to suppose that these other 
sciences are incapable of yielding any genuine knowledge, since 
'in every' science there is only as much real science as there is 
mathematics to be found in it.’ Kant was never more wrong in 
all hh works than when he wrote this sentence.*** 

In truth, in the whole of the science of reality, knowledge is 
only reached by working with approximate concepts, that is with 
concepts, the extent of which can only be determined within 
certain limits. A very simple and striking example is found in 
astronomy. WTien the astronomer sees at one point on a photo- 
graph of the heavens a very large number of stars very close 
together, perhaps so dense in the middle that they cannot be dis- 
tinguished singly from one another, he calls this 'a star cluster’ 
(see page 273) and is convinced that it is by no means merely a 
question of the images of a number of stars coming together by 
chance for reasons of perspective, but of a real configuration which 
must be treated as a unit made up of many stars. 

We have seen above how important are the conclusions which 
can 1 'c built up upon such observations. Nevertheless, it is by no 
means possible to define in this case quite sharply, what single 
stars belong to the clusters in question. Single stars, espeaaUy 
those at the edge, may also appear as part of the cluster merely 
for reasons of perspective. But this does not prevent any sensible 
person from regarding the cluster as a reality. Exactly the 
same is true in other sciences and also everywhere in biology. 
The concepts of plant and animal, for example, are equally 
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impossible to define with absolute sharpness, for as we know, the 
limits become uncertain in the low'er groups of both kingdoms 
(particularly the unicellular organisms). 

Nevertheless, there is no more erroneous phrase in the theory 
of cognition than the one which states such concepts to be merely 
aids to thought economy, used by us to orientate ourselves approx- 
imately. It is absolutely certain that nature herself forces upon 
us this sub-di^•ision of organic beings into two kingdoms with 
exactly the same eudency as the concept of the star cluster just 
mentioned. Hence the concepts of the animal kingdom and the 
vegetable kingdom are descriptions of real and not merely 
imagined units. We have not read them into nature, but have 
been compelled by her to accept them from her (see also above, 
page 232). 

All this leads to the necessity, in the empirical sciences, at 
least in their special branches (page 249), not merely to define con- 
cepts in the manner customary in mathematics, but frequently 
to obtain these by a method which I should like to describe as 
■tj'pological.* We must first plunge, so to speak, right into the 
middle of the group of objects in question, and by examining its 
most notable and most ■t5'picar reprcsentativ«. acquire a clear 
idea of the characteristics of this type as compared with another, 
just as the astronomer when he sees two star clusters close together 
on the plate would first fix the mean positions of both upon the 
stellar sphere, but would leave it doubtful whether a single star 
King on the boundary of the two clusters belonged to one or the 
other, or neither. 

He who wishes to know what the difference between a plant or 
an animal is, must not first study the limiting cases, such as the 
stationary ccelenterates, or the amordxiid stages of the mycetozoa, 
but a lion or a fx-e on the one hand, a beccli tree or shave-gra.ss on 
the other. He will then find it easy to sec that a stationary posi- 
tion, the power of as.similating inorganic material, the posses.sion 
of cell walls made of cellulose, are typical characteristics of a 
plant, whereas mobility, the development of special sense organs, 
the assimilation of already assimibted material, etc., are cliarac- 
teiistics of the animal, which by no means prevents single groups 
of plants and animals from being devoid of one or more of these 
'ty'pical' characteristics. No one will doubt that the coral, 
in spite of its stationary existence, is an animal, nor that the 
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mycetozoa in spite of their amoeboid stage, and the Mimosa 
pudica in spite of its short reaction time, are plants, since in 
all other respects they belong to these classes. 

Only in cases where a real mixture of almost all typical charac- 
teristics takes place (as with many unicellular organisms) will any 
doubt exist, and in such cases we shall have no alternative but to 
give them special treatment. Experience tells us that the num- 
ber of these is practically always very small, this only being 
another expression for the above-mentioned law formulated by 
Zilsel for the empirical sciences: ‘we may neglect certain cases and 
still know something.’ 

Let us now turn this epistemological discovery to account in 
our problem of the human races. It is quite evident that, from 
the typological point of view, such races as the Indians and the 
Mongols, the Papuans or the Hottentots really exist. But then 
we must regard as equally real such races as the Nordic, .\lpine, 
and others in Europe, the near-Asiatic, far-Asiatic and so forth in 
A.sia .Minor, only that in the latter case it is considerably more 
difficult than in the first to classify the numerous limiting cases 
and mixed forms. In many cases we are even obliged to give up 
the attempt. 

The understanding of this problem, in itself so difficult, is ren- 
dered more difficult by the fact that political passions come into 
play. On the one hand, everything which makes it difficult to 
define tlie concept of race, is intentionaUy sought for, in order 
finally to arrive at the conclusion that the whole concept really 
has no meaning and would best be abolished entirely.*** On the 
other side, the concept of race is mixed up with that of people in 
the most confused manner; or worse even, it is confoimded with 
community of language. The result is a hopeless confusion of 
all judgments, since in the end no one has the least idea what 
is the meaning of the terms which he is actually using. Un- 
fortui.-itely, our higher schools with their hopelessly unbiological, 
almost purely linguistic and historical, training, are chiefly to be 
blamed. 

A jxHjple {Volk) is a group of human beings bound together by 
history and a common culture, generally upon a common raci^ 
foundation, and generally also having a common language. It 
is open to doubt whether nations such as the Swiss, which have 
several national languages, may be regarded as peoples at all. 
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Conquered natioits may even adopt the language of their con- 
querers, and yet remain a people just the same. Two diilerent 
peoples may have the same racial composition, whereas conversely 
a single people, such as the Germans, for example, may consist of 
se\’eral different races. 

The rule is, however, that the differences between the peoples 
rest upon different racial mixture. While, for example, there are 
components of like race in both the German and the French 
peoples, the mixture in the two cases is still very different, and 
there can be no doubt that the national differences dejxjiul for tfv* 
most part upon this difference in race (along with this we have 
natur^y the difference between the historical development of the 
two countries, which was different, not always merely for the rea- 
son that different mixtures of races were concerned; geogr.i})hical, 
climatic, and other conditions played a part). Anyone who does 
not keep these facts dearly in mind, and, for example, continues 
to describe the Jews as a race, will never under>tand the matter 
properly. The Jews are a people, having, naturally, a different 
racial composition from that of th<* German or English. 

Is it allowable to speak of races at all within so Huctuating 
a population as that of Europe f The answer to this is given by 
Mendthsm, which teaches us that heredity characters ate not 
changed as sudi by cross breeding, but only aj>jJear in new cotn- 
binations. We will take a vety simple example from botany. If 
we cross two of johannsen’s pure lines of beans (sec page 458) 
we get on investigating the resulting stock a curve of variation 
(see page 457), which is composed of the two single curves by addi- 
tion of the ordinates. If the peaks of the tw’o curx'es arc suffid- 
ently far apart the resulting curx'e will have two fxjaks (figure 86), 
and this, conversely, is a proof for anyone investigating this stock 
of beans, that there are two pure lines in it. 

This example shows us the ways and means open to the investi- 
gator of races to discover the presence of single races even among 
a very mixed population, and even to Lsolatc tJiem; naturally a 
very difficult matter in the case of man, in which experiment is not 
possible. It is necessary in tJiis case to wait for a happy diance 
wliich produces one or other pure racial lines. Investigations of 
this kind have shown without doubt that in Europe, and particu- 
larly in Germany - we will leave the remainder of the world out of 
the question - we are dealing with at least four, if not five or six. 
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different races. These are the Nordic, the Alpine, the Mediterran- 
ean, the Dinaric, and possibly the East Baltic and another branch of 
the Nordic, the ‘Falic’ or ‘Dalic’ race already mentioned on page 497. 

We have further to add that, in the case of the Jews, we have 
the near-Asiatic (related to the Dinaric) and the Oriental race. 



togetiicT with some Negroid element; w'hile in the East we have 
pure Mongolian additions (the East Baltic race is rejected by 
many investigators, being regarded as a mixture of Mongob with 
Nordics). These results are now placed fairly safely beyond 
doubt, although as regards detaib there b a great deal that b still 
uncertain. We do not need to give a description of the racial 
characterbtics of these races since books on thb subject are every- 
where available to-day. 

Mils 
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The only question that interests us is how far cultures depend 
upon race. This obviously depends upon another question, 
namelj', as to whether psydiical race differences, corresponding 
to the undoubted bodily race differences, really exist, and if so, 
whether they are strong enough to produce a serious difference in 
the nature, and also in the degree, of cultural achievement. 

Regarding the first question, it can hardly be doubted that 
psychical race differences do exist. This already follows a priori 
from the fact that psychical qualities altogether are inheritable, 
aswe have alreadj* seen above (page 389), and it is also self-evident 
that the strong gift for music of the Slavs, and the much smaller 
one of North European population, and also the 'hot blood’ of the 
Southerner as compared with the calm of the Northerner, are 
mainly racial; that is to say, inherited and not determined by 
en\*ironment. Even anyone who rejects Gunther’s description of 
the psychical characteristics of European nations as one-sided and 
prejudiced, must recognise that such differences certainly exist, 
though they may be much more difficult to take hold of tlian the 
bodily differences. 

But if this is the case, we cannot possibly deny that the nature 
and degrees of cultural achievement must also lx* determined, at 
least in part, by these hcreditarj* psychic;d characteristics, in 
other words, by racial influences. How far, along with this, we 
must take into account the influence of environment (climate, 
geographical position, neighbours, flora and fauna, etc.), and 
how far besides the historical succession of events has its own 
autonomy (since cultural values are to a certain extent independ- 
ently developing wholes, see below) naturally remain matters for 
further investigation. In any case it would lx* wrong, as for in- 
stance Boas and von Luschan*** do, to push the lacial factor 
completely aside with the excuse that it cannot lx grasped with 
scientific exactness (because the limits are fluid, as we saw 
above). 

This would be not to see the wood for trees. History itself 
shows us in the most concrete manner that great cultural achieve- 
ments arc the work of a few highly gifted races and peoples, i.e. 
mixtures of races. It is also quite evident that among these, 
those whose leading element was composed of the Nordic race, 
occupy the first place; but we may expressly point out that a 
mixture with a Northern upper layer appears to be a particularly 
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favourable ground for culture, more favourable than a practically 
pure Nordic people such as we still find to-day in certain parts of 
Scandinavia. 

To what extent this race was concerned in the ancient cultures 
of Asia Minor is now difficult to determine, since we know nothing 
for certain concerning the origin of the earliest of these nations, 
the Sumerian. There can be no doubt that enormous racial 
migrations took place in prehistoric times, and we must further 
recollect that cultural elevation itself is a very relative concep- 
tion, and that trifles may often prevent an otherwise highly 
gifted people from not getting beyond a certain stage, which it 
might easily have much surpassed, given its inborn qualities, 
under more favourable conditions; whereas on the other hand, 
favourable historical conjunctions may cause a people to be 
placed in the first rank of civilisation, without having done any- 
thing on its own account to justify this. This is true, for example, 
of a considerable fraction of the present South European popula- 
tion, which is racially completely degenerate, but is able to live 
culturally upon its neighbours and its tradition. 

The fact that the high endowments which our own forefathers 
must without doubt hav'e possessed, only came very late to frui- 
tion, depended, conversely, on a few obstacles only: in the first 
place the tendency of the Germans to live in solitude, and secondly, 
on the rejection of writing for religious reasons, apart from the 
fact that suitable materials were not available in ancient Germany. 

The idea that the importation of the ‘treasures’ of culture in 
Roman form during post-Carolingian times made in a few genera- 
tions, out of a nation of rude barbarians, a nation of such great 
culture as the German already was in the Middle Ages, is absurd. 
Even if the greatest possible concessions are made to Lamarckism, 
we should be dealing with a complete biological impossibility. 
These gifts must have long been present in the genes before the 
first emissary of the Frankish kings, or even the first Roman 
entered Germany.*** 

\Ve shall not deal any further with these matters, since we are 
engaged on the philosophy of science, and not that of culture. 
Our chief reason for mentioning them is because it is here that we 
see most clearly how great is the importance of scientific biological 
knowledge for cultural questions. The complete neglect of 
science in the curricula of the higher schools in our country has 
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contributed in no small a degree to the fact that very large 
sections of educated people have totally inadequate conceptions 
of the driving factors in history. For not a few, ‘culture’ 
still means much the same thing as literature and art, at most 
with the additions of ethics and religion; as though science, 
technology, economics, etc., did not also belong to it, and as 
though the nation is only cultured when it produces works of 
literature. 

Fmthermore, a class educated in this way is without any 
insight into the biological conditioning of cultural achievement. 
It is ruled by a blind ‘cultural’ Lamarckism, as I may call it, 
which twists the knowledge of the autonomy of cultural develop- 
ment into the completely false notion that the autonomously 
developing cultural products of themselves produce the human 
beings belonging to them. In riew of the enormous importance 
of this question for the whole future life of our people, I must go 
into the matter in a little more detail. 

It cannot be denied, that, as a result of the ‘heterogony of 
purpose’ above referred to, the cultural achievements arising 
from concrete vital necessity have made themselves independent 
in the course of the development of humanity, and now follow 
their own laws of development. This is seen most clearly in 
science itself. Physics, for example, is driven forward to-day 
onlj’ by the problems arising out of itself, as compared with which 
all racial or national differences are of a completely secondary 
nature. There is no German or French or Japanese physics, but 
only a science of physics. At the most the selection, made by 
indiriduals from the great departments of physics as a whole, 
and the manner in which they present the selected material, is 
variable and dependent upon nationality. We only need to take 
up an English, a German, or a French text book of the same 
subject, such as electricity or modem atomic physics, to notice 
immediately national differences, but this has no effect on the 
content, nor upon the further development of physics. 

For the same reason, it is pure nonsense to attempt to connect 
the relative arrest of physics after Maxwell with economic condi- 
tions in European coimtries. This stationary condition depended 
in the main upon purely internal reasons; a pause for digestion, 
so to speak, was necessary before new matter could be attempted. 
We therefore completely reject Marx's idea that all ideal cultural 
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developments are simply products, or rather by-products, of 
economic developments. Their real driving forces are in them- 
selves, at least as soon as they have already reached a certain 
height. It is this that is the autonomy of cultural development 
spoken of above, the new emergent as compared with the pmely 
biological type, primitive human nature. 

While recognising this clearly, and retaining it firmly, we must 
also emphasise the fundamental error of believing in consequence 
that these cultural goods create on their own accoimt their human 
bearers and producers, and that when scientific, religious, artistic, 
political, and technical development, having reached a certain 
point, demand the creation of a further stage, the human beings 
will then alwa)rs be available, indeed, will have been produced 
by the previous development, ready for the accomplishment of 
the new move forv’ard. Demand certainly produces supply, 
but only when the endowment is there to render it possible. 
VVTiere there is nothing of the kind, the most intense need cannot 
produce anything new. If mathematical gifts are not present 
in any serious degree in a people, it will not produce any mathe- 
matics, even if placed ten times over in a position in which 
mathematics would be very useful. 

Of what use is their great historical tradition to the Greeks 
and Italians of to-day ? Is it seriously believed that the inten- 
sive cultivation of this tradition at the present day can com- 
pensate for the racial degeneration which has taken place there, 
without ceasing, since the time of the great migrations from the 
North ? Phenotj'pically, a great statesman such as Mussolini 
may be able to raise his nation for a time. But if he wishes to 
produce any permament result, his first care must be to improve 
its genot)q)e. It would appear that Mussolini is the first of all 
European statesmen who has actually grasped this problem 
clearly. 

Our philological and literary education in Germany, has, on 
the contrary, encouraged the belief that we should elevate 
the German nation by feeding it with German idealism, with 
Christianity, with social measures or hygiene, or suchlike, if 
only all these cultural advantages could act long and intensively 
enough. This is what I have described as cultural Lamarckism. 
What is the actual truth of tlie matter ? Tliis brings us to the 
second question raised above, the theme of; 
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(b) Rau Hygiene.*** 

Here the word race, as we must once more expressly point out, 
is no longer to be understood in the sense of the anthropological 
races already mentioned, but as a sum of inherited characters 
which distinguish any group of mankind. This thereby abolishes 
the political flavour of the word, which many find objectionable. 
We are now dealing simply with the question of how the endow- 
ments for the various branches of culture are distributed in a 
people, and how this distribution changes in a good or bad sense, 
or can be changed; it being for the present a matter of complete 
indifference whether the people in question are blonde or brunette, 
long-headed or round-headed, etc. These questions will interest 
those for whom the word race in the anthropological sense is 
unsjTnpathetic. 

Tbe first fact to be mentioned is this, that there are inherited 
differences in cultural endou ment, that is, in the capacity to create 
cultural values, among the members of a people, and these inherited 
endou'ments are on the average proportional to the social level of the 
various layers. Although it frequently happens that individuals 
of high social position may be stupid or devoid of energy, or 
morall}’ degraded, and that individuals of lower social position 
may be the opposite of all this - taking the average, the rule is 
correct, as is proved by the extensive statistics of school children 
collected by Hartnacke and Kramer, Duff and Thompson, and 
others, and above all, by the gigantic American army statistics. 
The percentage of higlily gifted children (class i) may be taken 
as 50® fj in the academic classes, and that of the poorly endowed 
(class 5) as 5®o in tbe same classes, whereas these figures are 
almost exactly reversed for unskilled labourers. There exist 
also clearly recognisable differences between these latter and the 
class of skilled labourers, as has also been proved by statistics of 
school-children.*** From this we sec that the truth of the rule 
is not open to doubt. liesidcs all this, the inheritance of valuable 
as well as undesirable social endowments has been rendered 
certain by numerous other investigations, among whicli are 
Wood's stati-stics of Royal houses, and tlic notorious genealogical 
trees of Kallikak and Juke. 

A second equally undeniable fact is that in all present-day 
civilised nations, the relative increase in population is inversely 
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proportional to the social level.* For example, the numbers of 
children, according to German statistics by Dresel and Fries, 
(1921 to 1922) are shown by the following table. The first 
column gives the class, the second the number of children per 
hundred families, the third and fourth the number which died 
before the age of sixteen and the last column the number 
remaining. 


Social Class 

Children per 

Died before 16 

Remaining 

100 families 

years 

Academic 

270.7 

5.4% = 14.6 

256.1 

Officials and Teachers 

304.0 

6.1% = 18.5 

285.5 

Free Professions 

320.8 

8.1% = 26.0 

294-8 

Commercial classes 

341 0 

9 - 0 % = 30.7 

310-3 

Hand Workers 

3831 

15-6% = 59-7 

323 4 

Employees 

431-9 

16.3% = 70.1 

361.8 

Labourers 

5964 

20.7% = 123 

473 4 

These two facts prove with mathematical certainty that: 

T/ie civilised European nations are allowing their leading cultural 

eletnents to die out. 




How quickly such a process takes place is shown by the follow- 
ing table. If two groups A and B, are present in equal propor- 
tions in such a population, and group A has an annual excess of 

births of while group 

B has an 

annual deficit of 1%, the 

relative projx)rtions are: 




After years 

Group A 
% 

Group B 
% 


0 

50 

50 


10 

5^5 

43-5 


20 

62 3 

37-7 


50 

74-2 

25.8 


100 

88.7 

11.3 


1^0 

94-8 

5.2 



If B, for example, denotes a group with better inherited qualities, 
thi.s mean.s that in 140 years, that is to say, in about four genera- 
tions, the nation lias lost its endowment, at present amounting 
■ ' 5«‘’o. to the jwint of leaving only 5%; indeed, a late age of 
marriage, even if the number of children remains the same, itself 

> Tl.is st.itfincnt is now no longer true for Germ.\ny. for the relative increase 
has onie .ilniost equ.il in all social classes with the sole exception of that of 
.isocial inJiviauaK, which alone to-<lay has a fertility sufficient to maintain the 
stock, nainelv mote than 5 children per marriage, the average number in all 
other classes h.-iving been reduced to 1 j to 1.8 This result is, of course, still 
more dis,istrous th.tn the former. (Note bv the Author ) 
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produces a considerable displacement. If group A has an average 
generation of twenty-five years while group B has one of thirty 
years, after 100 years B has already fallen to 33% and after 300 
years to 11%. As both causes actually combine, the fall in the 
well-endowed group is in reality still more catastrophic. 

In this connection we now realise how important such purely 
theoretical investigations as those concerning the doctrine of 
selection and Lamarckism in Part III, may be; for the life and 
prosperity not only of our own nation, but of all civilised European 
nations, depends upon the measures which they are willing to take 
against these processes which are destroj-ing their racial health. 
Such measures must of necessity depend upon insight into the 
causes of the processes. Tlie good will to help is blind, if it is not 
guided by true insight. A physician can only be of use when he 
has first carefully investigated the cause of disease and when he is 
quite clear what his remedies can effect. 

W'e are standing to-day beside the sick bed of the European 
ci\'ilised nations; the disease is racial degeneration, the questions 
to be answered are: firstly, what is the cause of it, and, secondly, 
what remedies exist ? If we do not succeed in time in getting 
rid of the many fatal errors prevalent regarding both questions in 
wide circles, and particularly in those of the governing powers, 
the patient will die under our hands in spite of all precautions. 

It is first of all an error to suppose that the chief cause of 
degeneration is direct injury to the germ cells; for example, by 
alcohol and the like. It may be assumed, although it is not 
certain, that this is a contributing cause. But it is certainly 
false to ascribe to it the chief part. On the conlrarj’, racial 
dcgencralt&n would proceed almost undiminished on account of the 
present-day ‘negative selection,' even if from to-morrow not a single 
drop more alcohol were drunk, or any further transmission of sexual 
disease took place. 

It is, secondly, erroneous to maintain, as socialists generally 
do, that only bad environment produces anti-social tyjK*s, and 
that these would disappear if the environment were improved. 
Anti-social elements are undesirable Mendelian combinations, 
or mutations, they are not produced by the environment but at 
the most bred by it, and statistics prove that present-day environ- 
mental conditions arc breeding them in the most dangerous 
manner. For although such elements in earlier limes usually 
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produced a large number of children, these were once greatly 
reduced by high infant mortality, whereas to-day we take every 
kind of so-called 'social and hygienic' precaution to keep alive 
as many as possible of such children with an hereditary taint, 
to bring them up as well as possible, and 'fit them to lead a useful 
Ufe.’ 

This means to say that they are put into the position of being 
able to transmit their bad inheritance to as many descendants as 
possible.®** The Lamarckian error prevents governments from 
seeing that it is absolutely necessary, while we cannot again drop 
the social measures for ethical reasons, to compensate their un- 
desirable results by corresponding measures which linait the in- 
crease in these elements. In actual fact, swh measures operate 
by no means socially, but rather anii-socially; they are bom of pure 
individualism, which regards society as nothing but a utilitarian 
association of individuals with the object of helping one another 
as much as possible, thus completely losing sight of the fate of the 
whole, of the societas itself. 

The whole of our present-day social, hygienic, and educational 
measures are dictated by this false fundamental position: they for- 
ward the well-being of the indh'iduals at present living at the cost of 
the whole of the nation, and of human civilisation. We spend 
millions everj' year on our hospitals, asylums, reformatories; on 
institutions for infant welfare, support of unmarried mothers, the 
unemployed, etc., and have no means remaining to assist really 
gifted people without means, real invalids, and altogether the 
really valuable elements. Men and women of insight have long 
ago pointed out the folly of this before the War and Revolution. 
But it ha.', since become very much worse instead of better. 

It is further a dangerous error when both branches of the Church 
repeatedly declare, that only the increasing disregard by the 
people of religion is the cause of degeneration, and hence that 
the only remedy is to reinforce religion. It is certainly true that 
one of the conditions for national regeneration is moral recon- 
struction, for this must create the will to betterment. But it is 
an error when it is believ'ed in religious circles that this good alone, 
without any knowledge of the true means, will produce the neces- 
sary efiect. How often does good will towards a patient make 
use of the wrong means ! With all the gootl will in the world we 
cannot change the order of nature or, to use religious language. 
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the order of divine creation. But this tells us implacably that, 
if those of low natural endowment continue to increase in numbers 
faster than those of high endowment, the end must come sooner 
or later. 

The moral will must therefore be directed towards insuring that 
the right precautions are at last taken, and that everyone plays 
his part in seeing that they are carried out. In this sense the 
motto for the churches should be: hie Rhodus, hie salta. It is 
ver)' much to be welcomed that a man such as the Jesuit Father 
Muckermann gives these demands his unqualified support. Un- 
fortunately, neither his own co-religionists nor the majority in 
the Evangelical church supports him with anything like sufficient 
energj’ ; on the contrary, he is often enough sharply opposed.*** 

Even in the otherwise excellent book by Titius, Nature and 
God, all understanding of the immeasurable importance of this 
matter is wanting. The reason is that, in these circles, psycho- 
Lamarckism has been quite generally adopted (this is the case 
with Titius), and this is expected to save the situation on the 
basis of the idea that it is the mind that forms the body. 

These people do not ever ask themselves whether, even if 
psycho-Lamarckism is to be regarded as a tenable theory of the 
origin of species (see above) , there is any practical sense in expect- 
ing an improvement by such means, since it is established that 
what might perhaps be attained by these means in a hundred 
generations, would be more than lost in a single generation of 
negative selection. As compared with the rate at which the latter 
has operated in recent times, the Lamarckian influence of the 
environment is negUgible, apart from the fact that it is quite 
uncertain whether it exists at all. 

A further widespread error is the opinion that the whole process 
will regtilate itself, inasmuch as when the degenerate upper ten 
thousand' do not produce enough children, new leaders in sufficient 
numbers will arise from the incxliaustible reservoir of the healthy 
common people. The truth is that this process, which is at the 
present time in full swing and is yielding many more leaders' 
than are necessary, does not resemble intert2»t upon capital, but 
rather the ever more rapid consumption of the capital itself. 

The system of a free road for talent has, under present condi- 
tions, the inevitable result that those who rise from the ranks 
arrive in a very short time at the same point as those who were 
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already on top, namely, the one- and two-children system, which 
again leads to the elimination of their stock (for the maintenance 
of a stock demands at least 3.6 chUdren per family). The govern- 
ing classes and the people gaze entranced at the apparently 
brilliant success of this system - naturally it is brilliant from the 
phenotypical point of view - but, on account of their immeasur- 
able ignorance of biology, have no notion that they are like the 
future bankrupt who builds himself a wonderful house by using 
up his working capital. 

The unlimited advancement of the talented would only be a 
matter for rejoicing if the number of children in the higher social 
layers were the same, or approximately the same, as in the layers 
from which the new talent was recruited; it would even be very 
desirable if, in the latter, the birth rate were smaller than in the 
former. But as matters are, the result is merely to cause the race 
to degenerate still more rapidly. 

We may regard this as enough of criticism, though a great deal 
more could be said, and ask what is to be done ? The answer can 
only be that ever5^hing must be done that promises to put an 
end to negative selection, or if |x>ssible to transform it into a 
positive selection. Since the social and ethical measures which 
act in a negative sense cannot to-day be abolished*®® - from the 
standpoint of individual ethics they are necessary - only two 
possibilities remain: first, to arrange that, in spite of these in- 
stitutions, the increase in numbers of low-grade stock is limited; 
and, secondly and conversely, to take fiscal, administrative, 
educational, and other means to render possible again a larger 
number of children in the case of stocks with better heredity, 
while at the same time educating these classes in a sense of their 
duty to society. 

Wliether such a transformation is still possible may certainly 
be very much doubted. All that the theorist can do is to declare 
that he has done his duty, when he for his part has stated clearly 
the true position of affairs, and to demand that this knowledge 
shall be carried to as wide a public as possible, in which respect 
u small beginning has at last bwn made by introducing the science 
of heredity into the teaching in the secondary schools. If nothing 
can cliange matters, the "Decline of the West’ (Spengler) is as 
inevitable as that of the peoples of antiquity. 

Wc cannot leave this subject without devoting a word or two 
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to the question of the biology of peoples, which was popularised 
by the writings of Spengler, and has recently been fiirther and 
brilliantly developed in the writings of H. Piper. According 
to both authors, cultures and civilisation in general are subject 
to the same laws of awakening to life, devdopment, ripening, 
ageing, and d3dng, as individuals. Both attempt to deduce from 
this fact quite general laws of the biology of peoples, and suggest 
that the immediate future of our own civilisation can be pro- 
phesied with the same certainty that we are able to feel in the 
case of organic individuals. 

The sdentific philosopher cannot avoid taking up a position 
towards these assertions at the risk of being reprimanded for in- 
truding in a province not his own. For these ‘culture-biologists’ 
make use of biological, that is to say scientific, concepts and laws; 
and the scientists may therefore feel justified in examining the 
question whether this method leads to judgments that hold water. 
The answer must be in the negative. This extension of biological 
'laws' - w'hich are not even laws, but simple rules with exceptions 
already known to us - to the devdopment of civilisation is 
inadmissible for one reason alone, since it depends upon a 
purely outward analog^' between two objects in reahty totally 
different. 

Furthermore, it cannot be carried out, since every rule, even if 
we do not demand very great strictness from it, nevertheless as- 
sumes a not too small number of single cases, in which the rule 
is exemplified; whereas civ'ilisations do not exist in this number, 
or at least not such of which we know the history with sufficient 
certainty. The extension is also unpermissible for a third reason, 
namely that the case which most interests us, our own civilisa- 
tion, is a special case with unique conditions, which have certainly 
never been realised before, so that even if a considerable number 
of other civilisations have followed the rule, the latter still remains 
doubtful in our case. 

I w'ill now give shortly the most necessary arguments on these 
points. Firstly, in dealing with the life, ageing, and death of the 
biological individual, it is a matter, as we have seen above, of an 
extremely compheated interaction of internal and external factors, 
which only takes place with practical regularity in the usual 
manner, because in the process the influences hostile to life gener- 
ally increase gradually. We have seen that in certain suitable 
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cases, experimental interference with the normal process may 
result in death being at any rate postponed for a very long time, 
and that there is therefore such a thing as potential immortality 
in the case of the individual, although it never is realised in actu^ 
nature. But the development of civilisations depends upon the 
peoples which bear them. The peoples for their part again consist 
of individuals and the actual ageing of the culture is the degenera- 
tion of the people. 

It is impossible to see any reason why a civilisation should stand 
still or even die, so long as enough culturally capable, that is 
energetic, active, and creative individuals are present. If we 
compare these individuals with the single cell of a multicellular 
organism, as in fact is done by the biologists of civilisation, we 
may compare the process, taldng place in every people, of the 
continual renewal of the stock with each generation, to the con- 
tinual replacement in the livung body of dying cells by new ones 
produced by cell division. 

This alone gives us a fundamental difference. In the organism, 
these cell divisions gradually become less and less, and the new 
generation of cells (with the exception of the germ cells), obviously 
becomes less resistant as time goes on (presumably owing to a 
continual increased disturbance of its chemical processes by the 
products of degeneration of the other cells). At the same time, 
these cells remain genotypically what they are, being only injured 
phenotypically. 

The degeneration of a people, on the other hand, consists in the 
cells, in this case the individuals, being replaced by others that 
are genotypically less valuable. The two processes therefore have 
an entirely different fundamental character as regards this point, 
however similar they may be in their external character. 

For this reason alone it is quite impossible to extend a rule 
found in the one case to the other case. This is also true for an- 
other reason, namely because the number of civilisations known 
to us from history is much too small to allow of the deduction of 
a rtile, let alone a law. Both Spengler and Piper obviously had 
in mind, in the first place, the fate of the Graeco-Roman culture, 
and perhaps the Egyptian or ancient Persian, concerning the his- 
tory of which we are more or less well infonned. But the short- 
liv^ flowering of Arabian civilisation at the time of the Crusades 
already fits very badly into the scheme, as does also the contrary’ 
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case of the extremely ancient Chinese civilisation with its sleep 
of almost a thousand years duration.*®* 

But even admitted that a number of cases similar to these could 
be found, what would be the use of it when we are compelled to 
admit that there are still a much larger number of which we know 
absolutely nothing as regards their history. In the interior of 
Africa, in North and South America, it is certain that a whole 
series of, in part, very high civilisations have existed, of which 
we know nothing more than what a few poor material relics can 
perhaps tell us (Ma^’an, Pre-Incan, etc.). 

If we must apply a biological rule, we can at most say that far 
more ch'ilisations have perished from external injury, by accident 
so to speak, than by the weakness of age, exactly as in the case of 
individuals; but if we had only seen half a dozen individuals die 
of actual old age, we should hardly be justified in deducing a 
general rule. 

Piper, in a discussion of this question,*®* has accused me of 
applj-ing the measure of the formation of scientific concepts un- 
justifiably to historical matters. My reply to this objection, also 
raised by others, is that we are not dealing with a rule specific 
to natural science, but with a quite general logical rule. Who- 
ever seeks to set up general rules, whether historical or scientific, 
is obliged to base them on a sufficient number of cases. From 
two, three or four single cases, one should never deduce a law. 

But even if we admit such a rule - and it certainly is no more 
- the third question would still remain, whether this rule can be 
applied to the present case, namely, our own civilisation. Here 
we must say that this is completely impossible, since our civil- 
isation depends upon conditions which have never been even 
approximately fulfilled in the whole liistory of humanity. It is 
unnecessarj' to support this in detail by reference to international 
intercourse, international relations, etc. 

I need here only refer to a point often overlooked, but in 
reality the most important of all; no civilisation, nor humanity 
anywhere, has ever possessed the knowledge that we possess, which 
alone enables a complete insight into the deeper causes of cultural 
processes, and in particular into the decline of peoples. The science 
of heredity is, as a science, only twenty-five years old. It is true 
that ancient civilised peoples and their leaders, such as Lycurgus, 
had some practical Imowledge of it,*®* and animal and plant 
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breeding on a purely empirical basis have of course existed from 
the earliest times. But it is one thing to apply such knowledge 
purely practically, and another to possess it in the full light of 
clear theoretical insight. 

The phenomenal development of our technology as compared 
with the primitive technology even of the most advanced ancient 
peoples, shows clearly what a difference it makes for us to know 
the laws of physics, and chemistry, of which they merely guessed 
a small fraction. Although there is yet no such thing as a real 
biotechnology, apart from a few beginnings such as plant breeding 
on the basis of Mendelian laws, it is as certain that it will one day 
come into being, as that the technology of to-day has followed 
upon physics. 

How can one maintain in the face of this situation, that our 
civilisation must follow exactly the same laws as aU the others ? 
In the history of the world of organisms, a rule was followed for 
millions of years that new forms with new adaptations of a bodily 
kind continually arose while old forms died out. Nevertheless, 
one day man appeared, and with him something that had never 
before existed, a being capable of creating culture. Who will 
guarantee that a similar thing has not happened in the appear- 
ance of our civilisation, namely, a civilisation capable of turning 
potential into actual immortality ? How are we to know ? 

Let it be noted that I am not upholding the blind faith of the 
apostle of progress in a perpetual forward development. Such a 
thing does not happen by itself, just as little as a hydroid pwlyp 
remains perpetually alive without interference by an experimenter. 
It is only on the basis of a clear insight into the true causes of 
cultural decay that a resolution can be formed, and lead to a 
successful elimination of these causes and hence of decay itself. 
The people that »s the first to make this resolution, will, unless every 
sign is misleading, rule the world. 

An idea of this kind may appear too audacious to pious minds. 
But it must be said that it really means nothing but what takes 
place in every individual life, namely the fact that the time comes 
when a person’s fate is in his own hands, when, in religious 
language, God makes him responsible for w’hat is to happen with 
his life. Piety does not consist in declining this responsibility 
and looking on in fanatical submission, but in taking it courage- 
ously and self-reliantly, in the belief that God helps those who help 
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themselves. This at least is the attitude of European Christian 
piety, though not that of the Indian who longs for Nirvana. 

But even those who reject such a line of thought completely, 
must recognise that our case is quite unique in history, and hence 
in no way justifies its being subjected to a doubtful rule deduced 
from other history. In this connection it should be plainly stated 
that the originators of such historical constructions in which 
biological concepts are made use of, would do better to use their 
biology, instead of in the construction of vague analogies, in 
investigating a case where it is really necessary, namely the 
actual cause of the decay of the historical civilisations. But their 
biology fails them just at the most essential p>oint. 

It must once more be emphasised that the ideas here expressed 
in no way contradict the view that the process of civilisation 
possesses its own internal law, or if it be preferred, may also be 
regarded as a free and unique placing (Setzung) wthin the 
possible limits. I only wish to show that between it and the 
biological foundations of our human existence veiy close relations 
nevertheless exist, and that it is in no w'ay justifiable to deduce, 
from the autonomy of culture, its complete independence of its 
biological relations, or even a magic power of manufacturing its 
ou*n biological foundations. The most fanatical vitalist would 
not assert that the entelechy is able, not merely to guide the 
ph5’sico-cheraical processes in the organism, but even to create the 
material for them.*®* Eveiy'one admits that a plant can only 
grow when the necessary food, light, etc., are present in forms 
which suit the species. In the same way we must recognise that 
cultures a stage higher do not create their own bearers, but can 
only direct, and therefore that the degeneration of these bearers 
leads implacably and irrevocably to the destruction of the 
culture itself. 

Our comparison also shows us that, just as not ail plants can 
live on any soil, so not all aspects of culture can find a home in 
every human race, but that there is such a thing, in a meta- 
phorical sense, as desert soil and fruitful soil for cultures. This 
renders extremely doubtful the value of attempts, inspired by a 
blind belief in the omnipotence of civilisation, to treat Negroes 
and white men, Mongols and Indians as equally capable of 
civilisation, and to endow them all without distinction with the 
'blessings' of our European civilisation. 
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A university on the German model is as appropriate, from this 
point of view, in a Negro state such as Haiti, as a Victoria regia 
on dry sand, which has to be watered all day long, or an edelweiss 
on heavy marshy soil. The childish belief that if this blessing 
were continued for a sufficient length of time, the people forming 
the group in question would gradually become suited to it, is on 
the same level as a belief that Europeans who live long enough in 
the Tropics will finally become black, or the belief of our feminists 
that to educate women like men for a sufficiently long time will 
finally make them exactly alike. Anyone with the smallest idea 
of the fundamental laws of biology can only pass over such 
cultural Lamarckism with the proverb that though you expel 
nature with a fork, she will always return. 

Now that we have shortly reviewed the natural biological 
conditions of civilisation, we may consider the opposite problem, 
that of the effect of civilised man upon nature. The problem 
falls naturally into two parts. On the one hand we deal with 
inorganic, and on the other with organic nature. The first leads 
us to the philosophy of technology, the second being the question 
of the protection of nature and all that hangs together with it. 
We will deal with this later. 



V 


PHILOSOPHY OF TECHNOLOGY 

At the head of our discussion concerning technology^®* we place 
the following statement: 

Technology is not, as is still generally imagined, merely 'applied 
science* (physics and chemistry), but is a cultural field for itself 
standing on an equality with art, science, and religious ethics, as the 
fourth realm of values. 

It would be more correct to say instead of the fourth, the first, 
since technologj*, as we have already seen, came into the world 
with the first tool made by primitive man, and thus became his 
first guide on the upward journey. For this verj’ reason it possesses 
the deepest roots in its natural soil, and hence it is not remark- 
able that the categorical imperative of technologj^ came, in an 
abstract form into man’s consciousness later than the other three 
- the true, the beautiful and the good. We havT only been 
conscious of it for about 150 years, and ev'en to-day it is not fully 
recognised. The highest technical ideal is, as we already re- 
marked on page fitness for a purpose,^ and not only fitness 
within the limit of certain other aims, but fitness for its owm 
sake, just as we seek in science truth for its own sake (and not 
with a view to its practical application), and in art, the biautiful 
for its OW 71 sake. For the true technologist, an ill-designed 
machine, an ill-adapted and unsuitable building are just as 
detestable as bad and insincere art for an artist; or, for a .serious 
investigator, impertinent and empty chatter alx)ut stTious 
matters; or, for the person of moral sensibility, the low and evil in 
any form. The German technician has coined the word tinnef 
for the smaller offences against his categorical imjKTative, but no 
name has yet been found for technical crimes on a larger scale, 
as the idea is still too new. 

• Zw^mdsitg, for which no Minglr word txiaU in Mngtuih. I.iterAlIy, ** fitted 
to lU purpose 


56a 
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The 'categorical imperative’ of technology runs as follows: 
everything made for any purpose is to be made in such a way that 
it is fitted to this purpose, within given limits, in the best possible 
manner; that is to say, the best possible result is to be obtained 
in the construction with the least possible means. It is necessary 
to define the ideas of the ‘best possible result,' and the ‘least 
possible means’ somewhat more closely, since they are capable 
of being misunderstood in innumerable ways, some of which are 
dangerous. 

The worst of these misunderstandings is the view that these 
descriptions refer to the ‘economic’ side of the matter, or to put 
it more coarsely and plainly, the financial side. WTien the 
modem technique of bridge-building sets out to ensure for a 
bridge, a prescribed degree of stabUity with the expenditure of the 
least possible means, it is not intended that it should cost as little 
as possible, but that iron is not to be wasted, rivets are not to be 
excessive in number, and unnecessary labour is not to be expended 
in building it, since all these offend against the technical ideal in 
itself. 

The appearance of mere reference to the economic advantage, 
results from the fact that among the purposes which almost 
alwaj’s guide the technician, the greatest possible economic 
return is represented. The fact that this is a secondary matter 
and not part of the technical ideal as such, is seen from the fact 
that cases exist or might e.xist in which pecuniary advantage is 
entirely out of the question, whereas the technical ideal remains 
in full force. I have elsewhere given in this connection the 
example of the building of an organ to be paid for by a rich 
patron, to whom money is of no importance. He would never- 
theless expect the organ builder entrusted with the work to 
construct an instrument best suited for a given space and for the 
musical end in view, and the builder would offend against this 
technical ideal if he built too large a structure for the space, or if 
he inserted stops which would never be used, and so on; in short, if 
he expended his means uselessly, the word means not being used 
in the sense of money, but rather of musical means (organ pipes, 
registers, etc.). His offence would not consist of spending money 
unnecessarily, but, on the popular phrase, in using caimons to 
shoot at sparrows. 

This example, which is no doubt not very common in teclmical 
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practice, shows us clearly exactly what the essence of the matter 
is. If a technician, as is usually the case, is given the task of 
constructing a machine in such a way that its owner is able to earn 
the maximum of money by its means, it is not the fault of techno- 
logy, but that of the purpose defined from outside, that the work of 
the technician is done in the service of Mammon. The actual 
purpose of technology is alw-aj's given to it from outside, and its 
'imperative’ only demands that this purpose should be fulfilled 
in the most suitable fashion. 

UTien our technology is still at work on the problem of trans- 
forming heat into work in a manner better than that possible with 
our present-day steam and other heat engines (steam turbines, 
explosion engine.^, etc.) this is not directly done in order to 
cheapen the production of energy, but first of all because it is an 
end in itself to increase the thermal efficiency of a heat engine as 
much as possible. If the problem set is to transform work into 
heat, then this must be done in such a way that the greatest 
possible fraction of the heat is so transformed (this fraction being 
limited, as explained above by the principle of entropy). The 
ideal of the designer of such machines is therefore the efficiency of 
the so-called Carnot cycle, the ideal process which delivers the 
greatest theoretical efficiency. His construction is technically 
the more perfect, the nearer he attains to this ideal, but the most 
perfect constniction technically is not necessarily the most 
advantageous from a financial point of view. In this case the 
technical ideal competes with the financial ideal and a com- 
promise must be arrived at. 

This explains sufficiently what in technology is meant by the 
principle of economy. It is a misfortune in our day, that the only 
meaning of this principle which is worthy of humanity is trans- 
formed into a naked matter of pecuniary advantage which ex- 
cludes any higher meaning. Truly understood, this principle 
places man directly alongside creative nature, which works in the 
widest sen.se according to the principle of the least expenditure 
of force, as, for example, in the rigidity of the plant, or of the 
animal bony framework, which are far in advance of our technical 
powers, m the honeycomb, and in many other cases. We can 
hardly assert that in these cases it is a matter of money. 

On the other hand, it most be admitted that the technical 
accomplishment of living nature is by no means everywhere so 
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exemplary, as enthusiastic admirers of it, for example Francfe,*®’ 
have often asserted. There are many things in living beings 
which the present day technician can do much better; Helmholtz 
long ago pointed this out as regards the mammalian eye, and it is 
obviously also the case as regards dyes. Nature has not approached 
the results of modem chemistry in this field. Altogether, there are 
many ‘dysteleologies’ in nature, and we shall have to discuss this 
point at greater length presently. 

Another problem of the philosophy of technology, apart from 
that of the true nature of its f^undamental values, inquires 
whether for each technical problem (understanding here as every- 
where within given means) there exists one or several solutions 
of equal value. When we walk through a museum, such as the 
Science Museum in South Kensington, and follow the history of a 
technical problem, such as that of the tr2insformation of heat 
into work, we are at once convinced at the first glance that un- 
limited progress is not only possible, but actual, and that hence 
there can be no sense in inquiring as to the final best solution of 
a technical problem. But when we consider the matter further, 
this blind belief in progress gives way to doubts. For what is 
straightway interpreted as technical progress is often enough 
actually nothing of the kind, but, in the main, progress in the 
selection of available means. For instance, the progress repre- 
sented by the Diesel motor as compared with the steam engine 
does not in reality depend upon a technical improvement, but 
upon the fact that the introduction of paraffin oil for lighting 
brought into industry the subtances contained in crude rock oil. 

It may of course be said that to seize upon a new means of this 
kind is in itself a technical achievement, since technology quite 
generally consists in the choice of the correct means to attain a 
given end. This is true, and in so far we may, as we have already 
done above, regard the explosion engine as a more perfect technical 
.solution than the steam engine. If the idea of perfection is made 
so inclusive it is certainly more difficult to realise that there may 
be such a thing as an upper limit, an optimum, of the technician’s 
powers, since in most cases no one can foresee what new means 
may become available as time goes on, principally derived from 
other branches of technology. We have already compared, in 
this sense, the progress of technology to an exponential function. 
But if for a moment we regard a collection of means, namely 
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those at present known, as given, we may ask whether there is 
such a thing as the best possible construction within these limits. 
Or is here also progress without limit possible ? 

The history of technology shows us plainly, at least if we take 
certain examples, quite another picture; a plain as3mnptotic 
approach to a final condition representing the best that can be 
obtained with available means. A typical example for this is the 
development of the bicycle, the fundamental type of which is 
forty years old. It has only been developed in detail, and in this 
also has been stable for a long time already. Thus the pneumatic 
tjTe is likewise about 35 years old, tangential spokes not much 
newer, though the back-pedalling brake is considerably more 
recent. 

We are aware here of a process w’hich is almost in every respect 
the exact analogj'to the organic differentiation of the germ, which, 
as we saw above, also proceeds in such a way that a narrower 
specialisation takes place, and the cell material, at first ‘totipo- 
tent,’ becomes more and more determined (see page 347). We 
may even say, that if it were permissible to regard the production 
of a living individual as due to the activity of an intelligent con- 
structor (as certain vitalistic theories of a semi-metaphysical 
character hav’e done) this constructor proceeds in a manner quite 
analogous to human technology'; both arc aiming at an optimal 
construction, which in the organism, as it would seem, is mostly 
realised almost completely, while only appearing in human 
technical work in a few simple cases, since in this case the enlarge- 
ment of the available means masks the purely constructive 
progress. 

But if we assume this as generally valid, it would clearly mean 
that the solution of every technical problem is given, or pre- 
existent, in nature, just as is the solution of a mathematical pro- 
blem; or its solutions, when the circle of means Ls enlarged.*®* 
Looked at from this point of view, Dessauer is not far wrong in 
saj'ing that technology shows us, in a humanly intelligible form, 
what the world process is from the standpoint of Platonism: the 
realisation of the idea, that is the passage of such an idea from the 
transcendental timeless realm of pure 'validity' into the world of 
time, space and matter. 

In this sense, technology according to Dessauer is continued 
creation, and in fact it cannot be denied that what it creates is 
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really something entirely new, and thus 'emergent’ in the sense 
frequently alluded to alwve. It is absolutely certain that in the 
whole of nature, a watch or an electricity station would never 
have come into being without man and his mind. These are 
something entirely new, to which nothing analogous exists any- 
where, even in living nature. They give us a picture, and without 
doubt the best picture, of the creative process, which is behind 
all creation in nature. 

This process, which takes place in nature imconsciously, is con- 
tinued consciously in man, to which statement we must add, in 
order to avoid misunderstanding, that in nature, apart from man, 
it is unconscious only from the standpoint of the single created 
individual. Whether or not it is consciously known to a highest 
consciousness (which would of course also be conscious of all 
human creative processes, since it would comprehend the whole 
of creation) is an entirely different question. 

When we regard technology in this way, we shall find it easiest 
to form a just and pertinent judgment concerning one of the 
most difficult questions of the present day, the question of the 
value or otherwise of technology as a part of culture. I do not 
need to describe the position, since it is generally known. The 
enormous over-estimation of technical progress in the second half 
of the last century has been followed by a reaction, which sees in 
technology' pretty well the root of all evil at the present time. It 
is supposed to be responsible for our life having become so over- 
burdened and over-driven, so noisy and restless, so desperately 
strenuous, so strange to nature and God. It, or the industry allied 
to it, is supposed to have cooped up mankind in the great towns, 
where everything that is unhealthy flourishes, and everything 
that is healthy withers, to have loosened the ties of men with 
their native soil by the modem ease of transport, and thus up- 
rooted them, to have accustomed mankind, by the extension of 
the means of communication (newspaper, telegraph, wireless) to 
hve only externally, to give ear to every sensation, and thereby 
to lose their own souls, and so on and so forth. 

Wliat aie we to say to these accusations, which are by no means 
directed against technology alone, but quite generally against 
the whole process of the rationalisation of our life by human cul- 
ture as a whole, as expressed by Dacqu6 in his book Nature and 
Soul, which has already been mentioned several times ? If our 
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culture is to continue, a solution to this problem must be found, 
which we are naturally not daring enough to attempt in this 
space. We will simply try to find some common ground on 
which the two parties now opposing one another with complete 
absence of mutual understanding, the admirers of technical pro- 
cess and rationalisation on the one hand, the eulogists of the 
‘good old times’ and of 'closeness to hfe and nature’ on the other, 
can at least enter into negotiations. We will first discuss 
technology in the narrower sense, and then consider the more 
general problem later on. 

We must first of all admit that the whole of our technical and 
industrial development was actually and historically unavoidable, 
as regards the purely scientific and technical aspects. It is here 
that what has been said above concerning the autonomy of cul- 
tiual development comes into force; if a certain field of culture 
has once flourished up to a certain point, further development 
takes place mainly according to laws inherent in the field itself. 
When once science and technology had reached the p)oint arrived 
at in 1800, further development was inevitable. It could only 
have been stopped by external violence, which, according to our 
veiy conception of higher mental culture, is inadmissible, and 
from which European nations have suffered sufficiently in the 
course of centuries to make them resolve that it should never 
again be made use of 

In the second place, there can be no objection from the ethical 
or the rebgious point of view, since 'every creature of God is 
good,' also therefore the new creation which is taking place in 
technologj' through the human mind (see above). A watch or a 
wireless set is a work of creation just as admirable as the leaf of a 
plant or a human body; the fact that one was created consciously 
and the other imconsciously, is of secondary importance. 

It must further be expressly stated that the technical products 
in question are not, as is often maintained, produced from motives 
of gain, but very often have been regarded by the inventors 
themselves as gifts to humanity, by which they hoped to make 
life easier for their fellow creatures, and bring content and hap- 
piness into their lives. It is true that matters have often turned 
out very' differently from the expectations of the inventors. Often 
enough the invention of a single machine has deprived whole 
masses of people of their accustomed means of support and thus 
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brought need, exile, and despair to thousands. But just as often, 
an invention which has been furiously opposed by certain 
sections of the people because they feared serious economic in- 
jury from it, has on the contrary been a blessing to them. The 
same thing happens with technical inventions as with great 
political or military decisions; 

Rejoice not overmuch! 

The Rulers of our fate are jealous gods. 

Our over-hasty joy invades their rights. 

The seed it is that we lay in their hands. 

Time tells if joy or sorrow be the harvest. 

Wallenstein 

However this may be, the total result is certainly a great 
economic advance for mankind, for it is quite certain that, but 
for technical progress (in the widest sense of the word, including 
rational agriculture) the European countries could hardly sup- 
port a third of their present population. It is further an unques- 
tionable fact, that the average standard of living in these civilised 
countries is, in spite of deplorable details, very much higher than 
that of 70 to a 100 years ago, to say nothing of sev’eral centuries. 

In a house, for example, such as that of Albrecht Diirer in 
Niimberg, the simplest labourer’s family of to-day would feel 
exceedingly uncomfortable, and when this argument is coun- 
tered by pointing to the wretched housing of the working class in 
our great towns, we may reply that such a comparison is only 
applicable when it is made between similar social classes in 
difterent centuries. There w'as scarcely such a thing as a pro- 
letariat, in our present day sense, in past times. But as far as 
anything similar existed the conditions of housing of it w'ere 
certainly not better but much worse, than those of present-day 
industrial workers. 

We need only consider what an enormous improvement modem 
methods of lighting and heating have brought about, to feel dis- 
tinctly doubtful whether the numerous upholders of dajrs gone- 
by would really be seriously willing to change places with those 
times. And those are merely external matters, ^though it is true 
that a great deal of our comfort depends upon them. Many 
other things are much more important, although their possession 
is quite natural to us to-day: we should miss them very greatly if 
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we had to do without them suddenly. Our means of transport 
permit us to move about, and to visit our relations and friends in 
other districts frequently. Our means of communication enable 
us to keep in continual touch with our friends, and to give them 
when required a piece of news very rapidly. The suppression of 
terrible plagues, such as cholera and other infectious diseases, and 
the painless conduct of operations are other examples. Most 
people feel towards these things as they do towards unselfish and 
helpful friends; as long as we have them we do not think of them; 
only when they are gone are they missed. 

Taking it all in all, technology is thus able to present us with 
a very large credit as opposed to the evils with which it has been 
debited. And to this must be added the greatest coimter argu- 
ment of all; that ifu regrettabU results of the industrialisation of our 
life are for the most part not the direct fault of technology, but of 
economic dei-elopments , which have been connected with certain 
technical achievements. It is at least theoretically imaginable 
that far-seeing statesmen might have averted these consequences 
by guiding the economic and political development in good time 
in the right direction, without necessarily leaving the inventions 
in question in the main unused. It is true that at this point we 
need to make two limitations which are to the disadvantage of 
technology'. It cannot be said of all unpleasant sides of the 
modem technical process, that they are caused by wrong economic 
and social organisation. Many are actually inseparable from the 
process itself. 

Thus the foundation of our w’hole technology, the wiiming of 
coal, is an op>eration which, even when it is carried out with the 
latest machinery, is far from being a pleasant occupation, and one 
which the great majority of those who cannot praise progress 
sufficiently, would very probably refuse for themselves. But 
there are also many other positions in our modem industry where 
danger and even injury to the workman are unavoidable, as in 
sulphuric acid factories, coke ovens, etc. This is one of the limita- 
tions which we have to make, and the other is the answer to the 
counter argument usually made from the technical side, namely, 
that the matters in question only prove that the replacement of 
human labour by the machine has not gone far enough, for all 
such work must be Anally taken over by machines. 

The answer to this is that, to make the argument really 
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convincing, we need a further investigation of a question which I 
propose to call the ‘convergence question’ of technology. This is 
the question whether, as we replace human power more and more by 
machines, the ratio of undesirable work really becomes continually 
smaller. For we must not forget that every machine intended to 
take over a certain process of work from hand labour, must be 
made by a number of other processes of work, which, it is true, 
are for the most part also machine processes, but nevertheless 
also need human attention, which, even if it is not always directly 
injurious, is at least mentally injurious and mechanical. It is 
not so simple to decide whether this procedure, taken as a whole, 
represents a convergent or a divergent series; that is to say, 
whether the ratio in question always approaches an indefinitely 
small value, or whether it remains stable, or whether it becomes 
greater in the course of development. 

This brings us to the most difficult part of the whole problem, 
the effect of technology upon the spiritual and mental life. The 
objections which have been raised in this respect may be divided 
into two groups. On the one hand, technology, together with 
the other considerations given above, is made quite generaUy 
responsible for the mechanisation of our daily work (not only that 
of the worker in industry, in which case it is quite obvious). 

On the other hand, it is accused of showering the external goods 
of civilisation upon mankind, which goods, since they are really 
merely owned, but not taken true inward possession of, merely 
represent a varnish of civilisation, but not real culture, and thus 
take man away from a true and higher cultural good. 

The first objection undoubtedly deals with the most question- 
able point of the whole of modem development. There can be 
no doubt that the modem ‘soullessness’ of work, which is a con- 
sequence of the division of labour carried to an extremity, is a 
terrible source of unhappiness for all those who possess a need 
fo! deeper culture. This fact does not prevent a considerable 
number of more primitive minds finding work of the most me- 
chanical possible description very agreeable, since they have no 
desire for more intelligent labour. 

At this point, as has been generally agreed, we have the most 
serious problem of the future. We must leave it to those who 
are fitted to seek ways and means to lead us out of this difficulty. 
But as regards the other argument, that higher culture is being 
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smothered by purely external culture, and by the all too easy 
appropriation of technical achievements, the very persons most 
to be accused of this are usually those who raise the accusation. 
Educated people of to-day (even when they are really educated) 
usually behave towards the technical things which they use every 
day in exactly the same way as the vulgar rich man, living in a 
^•illa built by the best architect in town, behaves towards the 
literary or artistic treasures which are to be found in it. He owns 
them all in a purely external fashion because he is able to pay for 
them, but it is not he who is master of the things, but the things 
that are master of him. 

In the case of the vulgarian, this attitude is generally recognised 
and blamed, whereas as regards our technical achievements, no 
one finds anything wrong, simply because almost every one is 
equally to be blamed. WTioever wishes to effect improvement in 
this respect should first see to it that the natural sciences and 
technology do not remain an unknown territory for the spiritual 
leaders of our people, whereupon the mastery of things over men 
will cease of itself. 

The objection that the mere superfluity of technical products 
is smothering man to-day is foolish. Otherwise one might raise 
the same objection to art or anything else; it is naturally true in 
certain cases, but this is iike\»Tse true of all cultural v^ues. If 
this accusation thus rebounds upon those who make it, there is 
nevertheless something of truth in the statement that the way of 
life which results from technology may do much inward injury. 
I am not thinking here so much of the mad pace of modem life, 
since this is not only to a small extent a direct result of technology, 
but for the most part a result of the economic development. I 
refer rather to the overloading of our minds with impressions of all 
kinds, which are more or less a direct result of the means of travel 
and communication rendered possible by technology. But a great 
part of this is not to be laid to the door of technology, but to that 
of the greed of gain, which plays upon the desire for sensation 
without scruple, in order to make money. A wiser law might 
have already prevented a great deal of injury. 

The fact remains that this by itself is not sufficient to solve the 
problem of bow humanity is to deal with the enormous mass of 
new impressions which it is continually receiving. This is really 
a very serious biological problem, which needs taking the more 
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seriously the more clearly we realise that cultural Lamarckism is 
impossible. Most apostles of progress endeavour to represent the 
matter as if the accommodation of mankind to this altered world 
were quite a simple matter, which might be completed in one or 
two generations. They start from the simple belief in the fixa- 
tion by heredity of the influences of environment. We have seen 
above what is the truth of this matter, and do not need to repeat 
what was there said. As regards the present problem, it follows 
that in any case it is well worth the consideration of everyone 
suited to the task, and that we cannot possibly be satisfied with 
the superficial statement that humanity will get used to it as it 
has got used to so many other things. 

It is true that man has the widest range of possible existence 
of all living beings, and is able to exist, thanks to his gift for in- 
vention, under conditions of the greatest possible variety. But 
est modus in rebus, sunt certi denique fines. We have already 
pointed out that Alpine plants cannot be made to grow in a marsh, 
and aquatic animals in a desert. It is true also for man that his 
power of adaptation is subject to certain biological limits, which 
can only be overcome by a long process of selection, which would 
last man}' hundred years. A sensible cultural policy cannot 
seriously consider this, but must regard present limits as fixed, 
and the question we are considering here is whether these limits 
are not ^ea<iy exceeded in our modem life as regards what 
human ner\'es are able to master. 

A particularly important side of this subject is the question 
of noise, which quite recently has attained importance through 
the increase in motor traffic. We can only draw attention to these 
questions, and point out that they can only be solved on the basis 
of a true biological view. Mere talk of progress is just as useless 
as helpless praise of the good old times. We have before us the 
highly serious question as to how developmtfits, which are un- 
doubtedly necessary from an historical point of view, and cannot be 
brought to a standstill, are to be made to conform to the elemetitary 
spiritual needs of mankind, which themselves cannot be abolished 
by simple decree. If this problem cannot be satisfactorily solved, 
the result will be in the end self-destruction of our culture, since 
the foundation will be removed upon which alone it can flourish: 
namely, the existence of healthy human beings who enjoy their 
labour. 
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The questions discussed in the last section have now brought 
us to the more general problem alluded to above, the problem, 
namely, of how the reconstruction of natural conditions of life 
and of nature herself, brought about by rational thought, is to 
be evaluated. Technology is only a part of this process, which 
comprehends and penetrates the whole of human history. Man- 
kind has not only made use of external inorganic nature, and 
changed it to a large extent for its own purposes. It has also 
domesticated animals and plants, exterminated others, and has 
finally emancipated its own conditions and laws of life to a large 
extent from the rule of mere drives and instincts, and thus, so to 
speak, rationalised itself as well. In our time we are confronted 
with the serious question whether this whole development is really 
a healthy or an unhealthy one; whether we are to welcome it, or 
to condemn and oppose it as far as possible. What right has man 
really to transform nature in this way ? Or is this perhaps an 
idle question; do sense or right come into it at all, but rather 
natural necessity ? 



VI 


THE PROTECTION OF NATURE 

Mankind has actually exercised control over nature for many 
thousands of years before it (or rather individual thinkers) ever 
became conscious of the peculiar role of man in creation. As far 
as we can see to-day. this idea only appears at the highest point 
of cultural development, but then leads directly to the question 
of the right to this mastery. This question is then answered 
everywhere in connection with religion, and we are concerned here 
with two of these answers, the Jewish-Christian and the Hindu, 
these two representing the opposite poles of possible attitudes. 

The Hindu doctrine is so generally known that we do not need 
to exf)ound it here at any length. It denies every kind of prior 
right of man in relation to other living beings, and only allows 
him a single priority, that of seeing through the great delusion 
of the will to live, which is the source of ail evil, and of finding 
his owTi salvation and that of the world in Nirvana. In strict 
contrast with this, we have the teaching of the 8th Psahn: Tor 
thou hast made him a little low^er than the angels, and hast 
crowned him wdth glory and honour. Thou madest him to have 
dominion over the works of thy hands; thou hast put all things 
under his feet; all sheep and oxen, yea, and the beasts of the field; 
the fowl of the air, and the fish of the sea, and whatsoever passeth 
through the paths of the seas.' 

There can thus be no doubt that the Jews taught the sovereign 
rul^ of Man over Nature, and regarded it as a privilege given to 
man by God. Vlioever has studied the history of this people and 
its religion more closely (but in the real construction, and not in 
the traditional one taken over incautiously by Cluistianity from 
the Old Testament) knows that this view of the r61e of mankind 
is closely connected with the whole religious development of 
Judaism. For it shows us a perpetual battle by the priestly and 
prophetic leaders against tendencies in the people to nature cults 
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(the service of Baal and Astarte), which persisted with great 
tenacity and continually broke out afresh. 

In fully conscious contrast to all such tendencies of the ‘peoples’ 
{gojim, heathen), the priest stood for a strict ethical monotheism, 
wWch rose in personalities such as Jeremiah, the two Jesaiahs, 
Amos, Micah and Hosea, to a quite extraordinary ethical and 
religious height, but later on the other hand, solidified to a pure 
religion of law in post-exilian times; but in both cases it is directed 
against every kind of bond between man and all the rest of nature, 
since religion, and hence the whole sense of human existence, was 
limited to the moral relationship between man and God as the 
Giver of the moral Law. In this one-sided attitude we have the 
unique world-historical meaning of the Jewish prophetic religion, 
but also its limit, which is most sharply expressed in the prohibi- 
tion of the graven image (the First Commandment). 

For the world of Western civilisation, this development has be- 
come of primary importance, since Christianity adopted from 
Judaism this complete exclusion of extra-human nature from the 
religious attitude, and this came about the more easily since the 
Jewish doctrine here met on common ground with Hellenism, 
which was otherwise entirely alien to it. In the latter (in Neo- 
Platonism), the doctrine of the imique value of the spiritual and 
mental as against the merely natural was maintained for quite 
other reasons. 

The two factors together resulted in the weU-known words of 
Christ in Mark viii., 36, being interpreted in the very narrow 
sense, that the whole remaining world (that is the extra-human 
creation) was of no account as compared with the infinite value 
of a single human soul. The whole of creation, seen from this 
point of view, was merely the setting for human history, and in 
particular the history of human salvation, and was finally to dis- 
appear completely in the end and give place to a ‘Kingdom of 
God,’ consisting only of saved souls. 

The fact that such ideas have maintained their pre-eminence 
in both branches of the Christian church to the present day is 
obvious; although, since Christianity reached the Teutons, in- 
dividual illuminated spirits, chief of whom is St. Francis, but also 
the German Mystics of the Middle Ages, Luther, etc., have pro- 
tested against treating the whole of extra-human creation as 
valueless and finally negligible. 
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The revolution which has taken place in our time in all European 
countries, is to be referred mainly to the rise of natural science, 
which of course would not have developed to such an extent, if 
the aptitude for it had not existed in the leading European races. 
The Nordic aptitude for penetrating into infinite distance, and 
the wide mental range natural to it, on the one hand, and the 
strong tendency of the Alpine race on the other hand to kind and 
friendly self-immersion in the whole life of its immediate surround- 
ings, resulting in a very friendly attitude towards animals,^®* have 
been chiefly responsible for this development. 

There must be few educated people in civilised Europe to-day 
who would seriously support the relentless mastery of man, 
although we find on many sides strong doubts and objections 
regarding such movements as nature protection societies, anti- 
vivisectionism, vegetarianism, and the hke, since exaggeration 
and fanaticism are feared, not without justification.^® A pro- 
cedure such as that adopted by American hunters towards the 
vast herds of bison, which were exterminated in a few decades 
merely for the sake of their tongues, would certainly be condemned 
unanimously to-day by the whole world, though it is true that it 
would be less the moral than the economic point of view which 
would settle the question. 

This last remark brings us to the decisive question of the final 
justification for the demand, so general to-day, for a protection 
of nature. This demand, and the circles which stand for it, 
illustrate what very often happens in ethical and religious move- 
ments. They rise spontaneously from motives which at first are 
more matters of feeling than conscious reason, and are usually 
quite unclear regarding their final basis. Our scientific circles, 
who are fortunately so active on behalf of nature protection of 
every kind to-day, are not aware that, since we are dealing with 
a judgment of value, they are of necessity leaving their own 
element and entering upon the field of ethics and religion. They 
usually persuade themselves that their demands are a natural 
result of scientific knowledge as such. But it is easy to see that 
this is wrong. 

What does scientific knowledge, pure and simple, prove? 
Only this: that there is a limitless abundance of forms of life 
(and also of inorganic matter) upon the earth, and that man is 
the latest in this series, and a member particularly highly and 
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peculiarly developed, (namely as brain animal), and perhaps also 
that it was wrong to believe, as in earlier times, that the whole of 
creation was there only for the sake of man (see also above, page 
279). This is not only true as regards astronomical distances, 
but also as regards the earth, and in particular the development 
before the coming of man. 

But as we have already said, it is a mistake to suppose that 
this gives sufficient grounds for demanding the protection of 
nature. The most that can be deduced from this line of thought 
is, that within the teleological structure of the whole of nature, 
discussed above, which may equally well be regarded theoretically 
as the causal structure, man does not occupy the position, from 
the point of view of theoretical logic, which was wrongly ascribed 
to him in former times. It is obvious that only a small part of 
creation, in the general biological sense is ‘made for him,’ as the 
fly is for the spider, the deer or the sheep for the wolf, or the grass 
again for the deer or the sheep. But all this in no way eiUows us 
to conclude that man has not the right to use, entirely as he 
pleases, whatever in creation is accessible to him. On the 
contrary, we might equally well conclude from the whole of the 
facts of science, that in all nature the right of the stronger holds 
without any modification, and hence that there is no reason for 
making an exception in the case of man, and putting moral 
hindrances in the way of his exploiting the remainder of nature. 
And the representatives of this somewhat brutal view would 
probably add that what the others (the protectors of nature) put 
forward as a moral demand, is probably nothing more than human 
egoism in another form. They would represent it as the opinion 
that, for the sake of human well-being, certain natural conditions 
should not be too much changed (see above). This, they would 
say, is a matter open to discussion, but it is pure imagination to 
pretend that the whole depends upon moral reasons; these moral 
reasons and moral demands are on all fours with others of the 
kind, being ultimately only disguised human egoism. 

This latter statement shows us that the defenders of the ‘right 
of the stronger’ realise, that the whole problem is nothing but a 
part of the general problem of the foimdation of ethics. In this 
respect, the protection of nature has no priority over ordinary 
ethics as between human beings themselves. In every such 
ethical discussion we are confronted with the same dilemma, that 
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both the egoistic and also the altruistic or social motives can be 
regarded as products of natural development, and hence that no 
reason can be given for preferring one to the other. There are 
then only two fundamental possible positions, which, however, 
may be differentiated into very many different formulations. 
Either we refuse fundamentally to see in altruistic instincts,"^ 
which are unquestionably present already in the animal world 
and fully conscious in man, something of high and absolute value, 
which man or other creature does not make, but merely seizes 
hold of (just as with theoretical truth, see above). Or this is 
recognised, just as we recognise in all research not the production 
of truth, but merely the grasping of a truth already present, 
although we may of course hold very different opinions concerning 
the way in which it is done. 

In the first case, if we are to be logical (as for example the 
German Monists are in this matter) we can only see in moral 
precepts the common agreement of certain social organisations, 
which have made such precepts as they consider suited to their 
purposes. This results in contradictions, such as an organisation 
enforcing a pacificist ideal with absolute tyranny, as is happening 
in Russia, cind as happened in the French Revolution, when the 
guillotine was used to enforce liberty, equality, and fraternity. 

In the second case, it is necessary to take a step which cannot 
be logically analysed, that of believing in an inner necessity of the 
world order, which stands above man and existed before him, 
according to which man had to attain to a moral ideal, because 
it in some way corresponded to the final object of the existence 
of the world, an object which we cannot, it is true, entirely com- 
prehend, but are able to feel and experience within oiurselves as 
a source of happiness and freedom. This position may be other- 
wise formulated either abstractly and philosophically, or in the 
form of a simple childish belief in God's commandments from 
Sinai. The essential point is the same: the humble reverence of 
man in the face of a higher power which was there before him 
and will be after him. 

There is no need to enlarge upon the fact that the whole of 
German idealism lends its aid in this point to the religions of all 
peoples and times, and that practically all the great thinkers of 
humanity have taken this view. Only the materialism of modem 
times, and the logical positive Monism of to-day, have developed 
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the position which denies all belief, with complete logic. After 
this has happened, only two alternatives exist. Which of these 
the author of this book stands for, does not need further explana- 
tion. We shall return at greater length to the whole problem of 
value, the deepest problem of all philosophy, later on. 

If we now take our stand upon belief (not in the dogmatic 
sense of the Churches, but as explained above), it will be dear 
upon what the final justification of nature protection is based. 
If we regard the whole world as the act of a Final Reason and Will, 
and regtird ourselves as part of this vast process, there arises in 
us directly the consciousness of our responsibility towards this 
Final Cause eind its aims, and we feel bound to use all our scientific 
and historical knowledge in this sense, for in all knowledge God 
(to retain the ordinary religious terminology) reveals a small part 
of His plan and thus lays upon the recipient of the knowledge a 
certain duty. When now a highest value, namely that God’s 
will is to be done, is fixed, all the theoretical views of a biological 
and teleological kind discussed above take on binding power. 
If we are responsible to God with every breath of our existence, 
we are also responsible with reference to all our fellow creatures, 
and doubtless even with reference to inorganic nature, ais far as 
this is subject to our will. 

There would then be nothing which in principle would be 
excepted from this responsibility. How we are to deduce from 
such a general view rules or directions for behaviour in special 
cases will, it is true, need special consideration; in all such cases 
the words ‘seek and ye shall find’ hold good. We have learned 
from history, and are no longer of the naive opinion that we possess 
God’s win in a finished and certified code in human institutions, 
and only need to look it up mechanically, or inquire, when we 
want to know what we are to do. On the contrary, every period 
and every nation is repeatedly confronted with new problems, 
and one of ours is obviously the burning question as to how the 
little left by human civilisation from original creation, can be pre- 
served, without civilisation being exposed to unbearable hindrances. 

In a more general way, this question may be stated thus: how 
can and must man reconcile generally his higher cultural values 
with other and lower values, which also have their justification ? 
Can these values be arranged in order, and, if so, how much of 
this order can man discover ? And to what extent has he the 
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right or the duty to sacrifice the lower, or even the higher values ? 

This brings us to the kernel of the whole question. It has 
recently given rise to much public discussion in connection with 
the activity of a single distinguished man, the theologian, 
musician, and missionary doctor, Albert Schweitzer. Since the 
author has discussed this matter with him fully in another 
connexion,"* and since a really full statement of the question 
could not be given in this place, it must suffice to refer the reader 
to the discussion here and to formulate shortly its result as the 
author sees it. 

He rejects Schweitzer’s fundamental position that there is no 
natural order of life values, or that man, at the least, cannot 
discover it, and that we can only therefore take upon ourselves 
at the most according to a subjective judgment, and ‘with fear 
and trembling,’ to destroy other life, even with the object of 
preserving life. Schweitzer went so far that he wished to regard 
his destruction of trypanosomes in order to save the life of his 
Negroes in Lamberene, not as an ethical duty, but as a free deci- 
sion in full consciousness of evil being done. According to him, 
there is only a single fundamental command in all ethics, the 
respect for the will of other life, which is supposed to come 
directly to the consciousness of man with its own will to live. 

The author denies, on the one hand, that the latter is actually 
the case, and on the other, that it is right to formulate the highest 
commands of ethics in this way. It is not the life will of other 
single creatures as such, but the whole will, that is God’s will, 
which must be regarded as the highest ethical law, and this may, 
as the whole of creation shows, demand the sacrifice of lower life 
in favour of higher. Man has not the right to claim to know and 
act better than the Creator himself in this respect. He has 
merely to ensure that life is not destroyed unnecessarily (‘life’ 
being here taken in a wider sense than the biological; the inorganic 
forms must be included, as Schweitzer himself also thinks). 

For this reason, man has not merely the right, but actually the 
duty, not only of killing the tr3q)anosomes in question in order 
to save the Negroes (it is obvious that Schweitzer himself, in 
spite of his theories feels this to be his duty otherwise he would not 
act in this way); he has also the right and duty to re-form both 
inorganic and organic nature to any extent for the sake of the 
higher goods of culture, which are also obviously a part of the 
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world plan. In actual fact, almost eveiything done in past 
centuries in this respect produces by no means the impression of 
being injurious and senseless. We see the harmony in an old 
watermill in a valley, in the path on a mountain, in the domesti- 
cated animal in the household, in the steppe transformed into a 
meadow, and so on. 

It is only the most recent overwhelming development of 
technology and the relentless energy of modern life in all its 
branches that have resulted in the catastrophic changes in both 
our inorganic and our organic environment, which have made the 
idea of nature protection so important to-day. When we visit 
towns such as those in the Black Country, and find them in every 
respect unlovely and inharmonious, ugly, smoky, and misshapen, 
having grown out of the earth in a night, we may well feel that 
man has here exceeded his rights, and disturbed creation in a 
brutally egoistic fashion which will bring its revenge in one way 
or another. The same is true of the extinction of many plants 
and animals resulting often from sheer greed of gain; we need only 
think of the wonderful Kaori pine of the South Seas, the dodo, 
and the great auk of the Arctic Seas, which will probably be fol- 
lowed by the whales in a very short time, and then of our own 
beautiful beasts of prey such as the lynx and the wild cat. It is 
a good thing that the governments have a word to say in the name 
of the whole of humanity, and against destructive greed, and 
thereby come to the rescue of extra-human creation; unfortunately 
much too little is being done in this respect. If the progress of 
civilisation is bought with the complete destruction of forms of life 
which can never be replaced, this is not progress, but impoverish- 
ment and retrocession. What is still to be saved must be saved 
now at the last moment. 

The transformation of nature by civilisation concerns not only 
extra-human creations, but also humanity itself. Our own 
natural conditions of life have also been completely transformed 
as compared with the state of primitive man, and the process still 
continues. Here also the question arises how far the process is 
good and desirable, and in what respect it is to be regarded as 
false and injurious. It has led in part to very curious and 
sometimes fanatical plans and doctrines for the 'reform of living.’ 
Some reject aU animal food, others even the cooking of vegetable 
food, a third party wishes to get rid of clothing entirely, a fourth 
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will only drink water, a fifth only live in huts in a wood, etc,, etc. 

Since Rousseau’s Smile, innumerable novels have appeared 
which have described the ‘return to nature.' The Blue Lagoon 
and Tarzan are examples of recent popular successes. In all of 
these, all modem modes of hfe are totally rejected, since they 
soften mankind, entangle them in all kinds of unnatural habits, 
and have caused great moral conflicts, which are destroying 
civilised man of to-day. A particularly acute sign of this question 
is the custom, now becoming general in civilised nations, of birth 
control, or more generally speaking, the rationalisation of sexual 
life. This in particular has aroused the most furious opposition of 
large circles of people which can by no means be dismissed with 
the term reactionary. What can be said fundamentally in regard 
to all these matters ? 

First of aU, what has already been stated above as fundamental 
principle in such cases. It is just as wrong to hold blindly to 
tradition, or to any external authority whatever, as it is to doubt 
the existence of any objective ethical guidance in such cases. 
Here also there is such a thing as good and evil, but it is not as 
simple as the traditionalist supposes to decide what is good and 
what is evil in particular cases. 

Let us first consider the more superficial changes in our con- 
ditions of life, which have already been discussed in another 
connection (see above, page 571). It is certain that, for example 
the use of larger quantities of soap, the introduction of more 
delicate cooking, the consumption of good wine, sleeping in 
modem spring beds, the possession of central heating, etc., etc., 
easily become habits so firmly ingrained, that people are unhappy 
when they must suddenly do without one or all these conveniences. 
This problem was one which affected soldiers in the war almost 
more than any other. WTien modem education in sport lays 
great stress on training in these respects it is obviously moving 
in the right direction, for when young we can accustom ourself to 
any, even the most primitive, way of Uving, but this does not hold 
for older people. Hence no greater kindness can be done to 
youth than to educate it with the greatest simphcity, though 
under the healthiest conditions that circumstances permit. 

But such a principle is more difficult to carry out than to state. 
Teiking it all in all, it cannot be avoided that, in the future, each 
new generation will grow up under somewhat more comfortable 
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conditions than the previous generation, this being the nature of 
technical progress. But there is a limit to this rule. It does not 
mean to say that this process will grow according to a linear, or 
even an exponential function (arithmetical or geometrical series). 
We may rather imagine, and we ought at least to strive, that it 
will approach an upper limit, for when a person has a healthy 
dwelling, sufficient but not luxurious food, good lighting and 
heating, emd suitable clothing, he has everything that is necessary 
for external comfort, and it is by no means necessary that he 
should increase further his demands in these respects. 

The blind belief in perpetual progress may lead here also to 
erroneous conclusions. It is very much to be doubted whether 
in 2,000 years, although technical progress may make great 
advances in that time, the average dwelling will appear much 
more luxurious than a modem, medium-sized, weU-fumished 
house. We shall no doubt find a number of technical achieve- 
ments unknown to us, everyone will no doubt have a flat roof for 
his private airplane, food may be obtained by a postal tube 
connection from a central warehouse by pressing a button, 
telephones and television apparatus will be in every room.* 
But no one can use more than one bed to sleep in, one bath to 
wash in, one stove to heat with, one cupboard to hold possessions, 
and more than this will not be found in a room. 

If by that time people have become sensible (which it is to be 
hoped win be the case), they will say to themselves that in all 
these respects, also as regards clothing, the simplest and most 
useful is also the best and most beautiful. The chief responsibil- 
ity for the unhealthy excess of luxury which continually reappears 
in human development is borne by the vagaries of f^ashion and 
the endeavour, which is associated with them, to outdo one’s 
neighbour. In this respect the feminine population have a great 
deal to learn. The old fairy story of the fisherman and his wife 
contains much wisdom. If this cause on the one hand, and the 
greed of gain which speculates upon it on the other, could be kept 
in check, we can imagine a state of saturation in civilisation, 
perhaps not very far ahead of us, which would then change as 
little from a fundamental point of view, as the solution when once 
found, of a technical problem. But the blind clamour for progress 

*H. G. Wells has made numerous suggestions of this kmd, some smce 
realised. [Trans. ^ 
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on one side continually raises on the other a groundless fear of a 
development of luxury without end. 

The problem of the change in our conditions of life does not 
appear so simple when regarded from the point of view of the 
bodily and mental states and processes of human individuals. 
There can be no question that rationalisation has made extra- 
ordinary advances in this respect also. How enormous is the 
difference between the eating and the drinking, the sleeping and 
the walking, the love and sexual life of the modem European, as 
compared with that of primitive people ! And this is not merely 
a result of custom and law, which themselves of course have grown 
unconsciously for the most part like organic structures, and have 
not been created artificially and rationally, but is also as the 
outcome of rational consideration, mainly of hygienic, but also of 
social aesthetic and other kinds. 

We can easily understand the doubt arising, particularly with 
reference to this side of modem civilisation, whether the limit of 
what is biologically endurable has not long been past. From the 
complaints of dentists concerning the degeneration of our teeth, 
through those of oculists concerning the increase of short sighted- 
ness as the result of school work, to those of religious and ethical 
circles concerning the increasing rationalisation of sexual life, we 
have an immense number of gloomy prophesies concerning modem 
civilisation, WTiat is there tme or false about them ? 

The first thing that is true above all is that an unavoidable 
consequence of easier conditions of life and less straggle for exist- 
ence is the lessening and weakening of positive selection. For 
example, the increase in short-sightedness is in all probability by 
no means due, as hitherto believed by Lamarckism, to the bad 
effect on the eyes of school work (which would be an inheritance of 
acquired characteristics in the most perfect form) but to the 
fact that myopia (short-sightedness, or lengthening of the eye 
axis) is an inherited characteristic, which is less of a hindrance 
than formerly to those afflicted with it, since there are enough 
occupations which they can take up. Hence they can reproduce 
themselves to an extent not sensibly less than the average, and 
their characteristic defect spreads in a population in accordance 
with Mendel's laws, since they are no longer subjected, as in 
earlier times, to continual elimination. Whether the tendency 
is dominantly or recessively inherited is not certain but there are 
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probably several different biot3T>es (genot3T)ical combinations) 
causing an externally similar diseased state, and this explains the 
contradictions, hitherto not cleared up as to the results of various 
investigators."® 

The position is similar with regard to the tendency to the 
spread of tuberculosis and many other diseases. The easier 
matters are made with regard to the disabilities for the individual, 
phenot5T)ica]ly, the more certain it is that the genot 5 T 3 ical 
spreading is facilitated, since negative selection with regard to the 
disability takes place. There can therefore be no doubt that we 
may speak of a very serious danger in this respect to civilised 
man through civilisation itself (see also above), a danger which 
can only be met by very intensive race hygiene. Unfortunately, 
the usual complaints concerning the injurious effects of the 
softness of modem life obscure almost hopelessly all dear views. 
The dubs for sport and hard training, which are ever growing in 
number, and teachers, educators, the clergy, etc., are almost 
always fixed adherents of simple Lamarckism, and hence beUeve 
that the weak offspring of the present generation can be turned 
by sport and training into a more energetic and vigorous race; 
whereas they entirely overlook the more important factor of 
selection. 

But much worse than this is another undesirable result of the 
present mania for sport as regards young women, for just those 
who are in body and character the most vigorous and valuable, 
do not marry early enough and hence are excluded, together with 
their healthy and valuable inheritance, from the reproduction of 
the race, either wholly or in part, since they have too few children 
in order not to be obliged to give up their pursuits. It is abso- 
lutely necessary to realise the much praised improvement in the 
health of women through sport can only be actually of real use to the 
nation, if it causes these women to become more capable and willing 
to produce a larger number of healthy children of equally good in- 
herited characters. The fact that a mother dimbs mountains or 
goes ski-ing does not make the slightest difference to the genotype 
of her children. 

It is much more important that a woman who carries inheritance 
characters giving fitness for these bodily feats, should convey these 
powers to eis large a number of children as possible, than that the 
same woman should actually develop these powers phenotypically. 
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Unfortunately, there is no sign whatever that this point of view 
of race hygiene is being taken into account in modem education. 
We are still, in this respect also, floating in the shallow waters of 
cultural Lamarckism. 

It is still more difficult to come to a trae judgment in the matter 
of the rationalisation of erotic and sexual life. Since it is impos- 
sible to deal here with this whole burning question*^^ I will only 
say the following. We cannot regard it as a frivolous interference 
by man in the God-given order of nature, when he brings this side 
of his bodily and spiritual activity more and more, as time goes on, 
under the control of rational considerations. The justification for 
this, as far as it is a matter of rational ethical consideration or 
principles, has never been disputed by any sensible person, but 
always rather demanded by ethics itself. 

But it is also obvious that considerations of a more practical 
kind also claim a certain right, and the whole history of love and 
marriage confirms this. Why should it therefore be regarded as 
immoral and 'unnatural* for two people, before entering on a 
marriage, to be clear and rational concerning the probable econo- 
mic, hygienic, and personal consequences of the step, and hence 
refrain from it in certain circumstances, when they recognise 
that it will probably lead to more harm than good for themselves, 
for their children, their relatives, or society ? The latter point of 
view in particular, is fortunately being put forward and finding 
increasing support by numerous social and ethical thinkers, among 
them the well-known race-hygienist, Muckermann, in Germany, 
and others in Englemd. 

The greatest objection is raised against the rationalisation of 
birth in marriage itself. But it is again not easy to see why this 
process should be judged fundamentally in any other way than 
the innumerable other processes of organic and also inorganic 
nature, which man has learned to regulate by means of his reason. 
If we are not to stamp the whole of human civilisation as unnatural 
- and that is impossible, since nature includes man, the brain- 
owning animal - it is impossible to draw any arbitrary dividing 
line. All that we can demand is that, as in every other case of the 
conquest of nature by man, this also must enter harmoniously into 
the whole sense of the cultural process, and not, as is also the case 
with so many other achievements of civilisation, fly directly in the 
face of the true sense of the process. 
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It follows from this that birth control as such is neither good 
nor bad, but, as in every such case, what is good or bad is what 
man makes out of this new possibility of controlling natme. He 
is able to make of it, as of everything else, a blessing or a curse. 
How the first is to be attained in this case, and the latter avoided, 
is a matter, the discussion of which would take us too far. It 
must suffice to give clear expression to the principle which alone, 
as I think, can form the basis of an objective and correct judg- 
ment, and do justice both to the fair demands of the evermoving 
development of civilisation, and to the eternal aims of all this 
development."* 

This once more brings us to the problem so often touched upon, 
which must now be shortly discussed although it seems to take 
us away from our field of scientific philosophy, namely the 
problem of values. 



VII 


THE PROBLEM OF VALUES 

This problem belongs, as we shall see, so closely to insight 
derived from science, that we have not merely the right but the 
duty, to enter upon it at the finish, since we would otherwise 
neglect one of the most essential tasks of scientific philosophy. 

As regards a large number of points which bear on the question, 
a simple reference to what has been said before will sufiice. The 
reader may be reminded that we saw in the technical fimdamental 
value, that of fitness to purpose, a fourth fundamental value of 
equal status to the three other long recognised values, the True, 
the Good, and the Beautiful. To this should be added, that to 
these four categories a fifth is to be added, not in the opinion of 
all thinkers, but of a number (including the author) namely, the 
religious, with its fundamental value, the Holy.^® This value 
would for reUgious people be placed above the others as necessarily 
including them ail. But we do not need here to go further into 
the problem of the relationship of rehgion to the other four 
categories. 

The individual judgments of value were in the course of human 
history, as we have already explained above (page 509), first made 
with reference to single concrete cases, and then only as single 
judgments. The aesthetic value must have been the first of all 
to have become independent in the sense of Wundt's heterogony 
mentioned above, for the oldest cultures known to us show sur- 
prisingly high forms of art. Nevertheless, even in this field a fully 
conscious art, in which the beautiful is pursued for its own sake 
and recognised as a problem in itself, only appears fairly late. 
When, where, how, and for what reasons, the actual process of 
spirituahsation took place, that is to say the detachment of the 
category in question from concrete cases and its complete eman- 
cipation, is for the most part outside our knowledge. 

As far as it can be investigated, it is a subject for the history 
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of civilisation. But this discipline must always remain conscious 
of the fact that it cannot give any reason for the setting up of the 
value, but merely show, after the event, how the value established 
and unfolded itself. This excludes all mere historicism, which 
erroneously confounds the question of value with the question of 
its historical origin.*^* The validity of mathematical and physical 
truths is completely independent of the way in which they were 
discovered. When they are once there, they hold, independently 
of all historical conditions. We have already pointed out that 
this leads to the rejection of Spengler's relativism. The cultural 
values are not only values for certain times, epochs, and peoples, 
but in each of them there is alongside the historical, racial, and 
other conditioned factors an unconditioned element, one simply 
valid, which is outside all relativity. 

It is true that the historical approach teaches us with unmistak- 
able plainness - and this is the kernel of truth in the relativist 
assertions of many writers to-day - that it is fundamentally wrong 
for us to believe that we now hold in our hands, so to sfeak, the absolute 
and final truth, the last value, in any of these categories of value. As 
soon as science presumes to say a final word, it becomes, as all 
experience shows, hasty dogmatism, and digs its own grave. For 
every scientific theory, as Einstein says, can be, and needs to be, 
merged in a higher and more comprehensive theory, and finally 
receives its limits from the latter. 

It is obvious that the same is also true in the moral field. The 
history of ethics shows clearly how, in this case as well, lower 
truths are repeatedly merged into higher ones, and are combined 
with others to form over-riding judgments of value. It is thus 
and not otherwise that we are to understand the words of the 
Sermon on the Mount, ‘Ye have heard that it hath been said . . . 
but I say unto you . . .' Every new insight of this kind does not 
mean the abolition of an earlier truth. The Newtonian theory of 
gravitation was not proved false by the Einsteinian, but now 
appears as a mere first approximation, whereas the more complete 
and comprehensive theory of Einstein gives us a second and closer. 
The relationship of the higher ethical judgments to the lower is 
to be regarded quite similarly, while in both cases direct errors 
are not impossible, which then cannot be comprehended, but 
merely refuted. 

The incapacity of most people to distinguish between these two 
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processes, which in the history of science are both obviously dis- 
cernible, is the chief source of mere relativism, according to which 
nothing permanently valid exists in the midst of continual change 
and growth. It is like den5dng the existence of the sun because 
its rays are repeatedly darkened by clouds and sometimes appear 
to vanish almost completely. If it is asserted that there is in 
reahty no sun at all but only occasional rays of light, which man 
as a matter of thought economy has accustomed himself to de- 
signate by the word ‘sun’ on account of certain relationships in 
space and time which occur repeatedly, the assertion cannot be 
refuted. We have seen above that this is actually the doctrine 
of modem positivism. 

In the meantime, we others will not allow our pleasure in the 
real sim to be spoiled, nor our belief that, in spite of the relativistic 
darkening of its life, it will again shine through the clouds. With 
this naturally I mean no longer the physical sun, but the suns of 
the True, the Good, etc. It was the cardinal mistake of the Middle 
Ages to believe that all these values were laid down and settled 
in the written words of man, in human institutions, and so forth. 
This naive realism (using the word in a transferred sense, although 
the narrow and epistemological sense also falls into the same 
category) had of necessity to be followed by an age of revolution, 
of release from external authority, and of the severest criticism 
of all tradition. For absolute truth, absolute value cannot be 
captured by human forms and formulae in any field whatever; 
all attempts of this kind fail repeatedly. Hence we were finally 
left with relativism pure and simple; that is, the dissolution of all 
belief in any kind of truth. 

Kant’s philosophy was nothing but an attempt, undertaken 
with magnificent power, to rescue the significance of values as 
such in the midst of this collapse, which Hume inaugurated and 
Kant himself actually brought to its final conclusion. It had to 
fail, and did fail, because Kant did not see, and also could not 
see as matters then stood, that the ‘autonomous’ personality, 
considered both theoretically and morally, or in other words, the 
knowing and evaluating mind, Ccmnot guarantee this validity to 
be that of values beyond the individual, so long as it is merely 
regarded as pure personality. Whoever takes the subject as basis, 
will not arrive in the theory of knowledge at anything but ‘abso- 
lute idealism’ or illusionism, as the case may be, and in practical 
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philosophy at an5rthing but general relativism, it being practically 
indifferent whether the latter is supported upon single human 
individuals, upon collective individuals, such as Spengler’s 
‘Cultural Soul,' or upon Kant’s ‘transcendental unity of appercep- 
tion,’ which is to be understood in the sense of a general human 
subject, or a general Ego. 

In all three cases, values do not hold in themselves, but only 
for me or for the soul of my culture, or for man in general, just 
as in the theory of knowledge things are in no way there in them- 
selves, but only as appearances to me, Kant’s contemporaries. 
Fries, Schulze, and Jakobi, saw, and formulated clecirly that only 
a super-personal principle could save the situation. The demand 
of the latter, stated by Geibel in his well-known words: 

This is the end of philosophy. 

To know that we must believe. 

simply states the fact that there is no foundation for science or 
any other categories of values without the resolution to believe in 
the existence of the transcendental world of values. As regards 
the values of truth, this has already been stated at the close of 
our first section. All science depends upon the assumption that 
there is such a thing as truth. The only justification for relativism 
is that it is needed again and again to save us from relaxing into 
dogmatism and the Middle Ages. 

At this point, we may draw from this statement, which is 
foimded on the whole discussion in the first part of this book, the 
fundamentally important conclusion: 

What is true in the field of the scientific knowledge of truth, may 
be transferred, by virtue of a justifiable analogy, to the other categories 
of values. That is to say, we have the right to believe in the existence 
of the Good, the Beautiful, etc., although here also, and even more 
strongly, we must oppose every kind of hasty dogmatism. In these 
other categories of value as well, the first assumption of all striving 
for truth is the belief that such striving is not in vain, not mere 
revolution about our own axis. Just as the whole of science with- 
out this assumption becomes meaningless, so also does the whole 
of ethics, of art, etc. This means the return from individuahsm 
to an objective point of view, from absolute idealism to reahsm, 
but to critical realism, that is to say, to a realism no longer subject 
to the delusion of simply taking the appearance for the thing in 
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itself, the historical formulation of a theoretical, ethical, or other 
truth for this truth itself; a realism which on the contrary remains 
aware that it is the very characteristic of objective truth to 
transcend all purely human measure. 

Why is the old theory of physics now replaced by the new one ? 
Simply because this is a step nearer the real truth, and not be- 
cause one period regards the same matter in one way and another 
period in another. Properly understood, the history of striving 
after values with all its strange mistakes and vagaries, is a wit- 
ness of the power of truth itself, for we should have no reason to 
recognise our relativities as such, if we were not driven to this 
recognition by the power of truth. We thus see before our mind's 
eye a new cultural epoch, in which the two opposing currents, the 
naive realistic one of the Middle Ages, and the purely indivi- 
dualistic and relativistic one of the age of reason and history 
(i8th and 19th century) are fused in an higher synthesis. It would 
be attractive to go further into the question of how this synthesis 
will work out in religion, but we must leave this aside, since it 
lies outside our actual theme. I have been unable to avoid this 
discussion since it had to form the foundation for what we have 
to say by way of conclusion, in the next chapter. 


Pps 



VIII 


NATURE AND JUDGMENTS OF VALUE 

By stating our theme thus, we imply our justification for in- 
cluding it in scientific philosophy. For a problem of the latter 
that cannot be avoided, is that of discovering how nature herself 
stands towards our human judgments of value; or in other words 
to the aesthetic, moral, and religious values, which are the highest 
possession of civilised man. 

There are not a few, both on the scientific and also on the philo- 
sophical side, who regard this question as a delusion. For - so 
say both -nature as such is always free from values, all judg- 
ments of value are a specifically human and psychical matter, and 
only concern man. He can apply his judgments of value to nature 
as such just as little as, conversely, morality can be measured in 
cubic centimetres, or beauty in volts. Both are completely sepa- 
rate worlds, and the moral sciences must, in their own highest 
interest, oppose the natural scientist when he operates with ideas 
such as the 'art forms of nature’ or the like. That is not his busi- 
ness, he may pronounce judgments of existence, but not of value. 
Conversely, the scientists themselves are accustomed to agree to 
this, since long historical experience has taught them, that the 
introduction of judgments of value into science has more than 
once dangerously obscured the view of research as regards ob- 
jective fact. 

Now I have of course no intention of disputing the correctness 
of the latter consideration. It is a commonplace to-day that the 
scientist as such has not to evaluate, but merely to get at the facts. 
But we have already seen above that these facts by no means 
include only causal relationships, but equally well teleological 
relationships, and while these again are also taken, for the mo- 
ment, in a purely matter of fact sense (as for example in the state- 
ment already alluded to, that the fly serves as food for the spider), 
this whole teleological point of view leads naturally and quite 
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logically to the idea of an universal teleological connection, in 
which all these single teleologies are contained only as components. 

But from this thought it is only one step to the question behind 
it of the meaning of the whole itself, which question then brings 
us directly into the region of judgments of value. For it is obvious 
that the mental development of mankind, including its striving 
after values, stands in some kind of inward connexion with this 
final sense, since this development itself is a part of the whole, 
the meaning of which is under discussion. On the other hand, 
the scientist, as a human being, is not merely a scientist but also 
forms judgments of value like all other men, and this he does 
quite naturally also, in the first place, as regards those things with 
which he is mainly concerned. 

The expression by great astronomers of the infinite elevation of 
spirit produced by the sight of the starry heavens and by immer- 
sion in its secrets is well known, as are also the innumerable ex- 
clamations of aesthetic admiration, and even ethical valuation of 
the wonders of the plant and animal world, from Haeckel's radio- 
lariae to the complicated forms of animal pairing and care of off- 
spring (see W. Bolsche). Are all these to be regarded as merely 
the private pleasures of the individual human beings, and as hav- 
ing no fundamental connexion with their work ? Or is there not 
after all a deeper and more necessary relation between the two; 
not only by way of the fact that to become an investigator re- 
quires a certain sense for such judgments of value, but also purely 
objectively ? That is to say, may it not lie in the nature of things, 
and not in our selves, that both are usually, or at least very fre- 
quently, found together ? 

Against the assumption of an objective basis in nature herself 
for these judgments of value, the main objection that is made is 
that we can always find equally good grounds for negative as for 
positive judgments of value. In truth, we find at first sight quite 
as much that is meaningless as meaningful, quite as much that is 
beautiful as ugly, quite as much good as bad in nature; indeed it 
often appears as if the negative far outweighs the positive. This 
fact is the strongest support of relativism, which, as it appears, 
can appeal as regards the whole of nature to the idea expressed 
in the German proverb, ‘What is an owl for one is a nightingale 
for another' (‘One man's meat is another man's poison.'). We 
will now see how much truth there is in all this. 
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For this purpose it is best to begin with the aesthetic category. 
We have already pointed out that art is closely related to tech- 
nology, and this very close relationship is seen most strikingly in 
architecture. And it is equally evident that what is simple and 
adapted to its end is generally also most satisfying from an 
aesthetic point of view, although it has repeatedly happened that 
this truth is forgotten, with the resulting production of im- 
possibly overloaded styles. Now there cannot be the slightest 
doubt that nature herself produces technical values to an enor- 
mous extent. The technical wonders of a single blade of grass, 
of the trunk of a palm tree, of the blood circulation in an animal, 
of the eye, and so on and so forth, far exceed anything that human 
technology has been able to produce (see also above). 

On the other hand, it is equally without a doubt, that sub- 
human nature already shows signs of the development of a certain 
striving after luxury. The innumerable decorative effects of 
colour, the song of birds, the numerous excess formations (see 
above), the play of young animals, and very much else, produces 
a strong impression of an ever-active power which, in a way closely 
similar to a child's play or the work of an artist, finds pleasure in 
pure creation for its own sake, and attempts it in every possible 
form. It is naturally wrong to attempt to introduce such con- 
siderations into the theory of descent or biology generally in place 
of scientific causal analysis. 

But does this causal analysis, and the establishment of single 
teleological relationships, exclude the way of regarding nature 
which we are discussing ? Just as those two exist of right side 
by side, so perhaps another approach to the problem may again 
be found. Who is to say that our power of understanding the 
world is exhausted by causal and teleological analysis ? If our 
epistemological discussion led us to see that human capacity for 
knowledge on the one hand, and things-in-themselves on the other, 
must in all probability be in some way adapted to one another, 
since otherwise the fact of knowledge could not be satisfactorily 
understood (see above), it is surely not going too far to make the 
further supposition that our human faculty for aesthetic judg- 
ments concerning nature - and who has not at some time made 
use of this faculty ? - corresponds in some way with certain 
objective sides of nature herself, and without her would be 
'objectless' in the truest sense of the word. When Goethe says: 
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Had our eyes no kinship with the sun, 

They had no power to see its light. 

Did God*s own power not dwell within ourselves, 

How should Divinity enrapture us ? 

which is certainly true, this sentence also may be equally well 
reversed, if we allow ourselves to be guided by the analogy with 
knowledge: if the world were not flooded by the light of beauty, 
beings would never have existed with a sense for this beauty. 
How otherwise can an organ come into existence, which has no 
object ? Just as the eye is there for light, the ear for sound waves, 
and the nose for chemical substances, so is our aesthetic sense there 
- for what ? 

Obviously for something which we no more generate by means 
of this sense itself than we do light, sound, and chemical sub- 
stances by our other senses. Nor can we see the smallest reason 
why the investigator of nature should not have the right to make 
use also of this sense of his, as long as he understands how to keep 
what he perceives through it clearly separated from what his other 
senses (in the ordinary meaning of the term), teach him as regards 
knowledge. We likewise perceive in this a new and deeper founda- 
tion for what we have previously said concerning the protection 
of nature. The friends of nature among the investigators of 
nature - they are not all both of these at once - are quite right in 
demanding the preservation of the beauty of nature from a purely 
aesthetic point of view. It is objective, and not purely subjective 
values that are concerned. 

But the relativist will say, that all this is none the less pure 
fancy. In reahty there is nothing beautiful in itself, but only 
things and processes (or in the case of the positivists, elements in 
Mach’s sense, that is phenomena), and only man brings aesthetic 
values into nature. Is this reaUy the case ? When I hear a 
symphony, is it only I that bring an aesthetic judgment of value 
into an otherwise meaningless volume of sound, or have not rather 
Beethoven, Mozart, or Brahms done the most, and the most 
essential to that end ? And is the aesthetic impression of a grand 
Alpine landscape or of the seas fundamentally different from that 
of such a symphony or of a Gothic cathedral ? 

But it is said: naturally the aesthetic value of the symphony 
does not originate in Mr. Smith or Mr. Brown who listen to it, 
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but in its creator, but that is explained by the fact that Mr. Smith 
and Beethoven are both specimens of the human species, and 
hence Mr. Smith, will read into or hear into such things the same 
or similar judgments of value, if in a less degree, as Beethoven or 
Goethe or Erwin von Steinbach put into them. Gk)od, but the 
origin of the powerful, even overwhelming, impression of great 
natural scenery still awaits explanation. Who is here the Beeth- 
oven or Goethe? Or has every ordinary person now suddenly 
acquired the qualities of such men, and so is able to play the part of 
composer or poet towards these impressions on his own account ? 

Naturally I am aware of the answer given by the relativists to 
this statement. They point out that man has only gradually 
learnt to experience such beauties of nature aesthetically; that, 
for example, it was only in Goethe’s time that the wonders of the 
Alps, which had hitherto been merely regarded with horror, were 
opened to general understanding, and that the same is true in 
our day of the magic of heath landscapes; and furthermore, that 
there are enough people who are left cold by all of it. This is 
quite true, but there are also enough people so stupid as to be 
incapable of learning from any book on physics or biology, 
and there are enough races who have progressed just as little to- 
wards any serious success in science as others have in the aesthetic 
comprehension of nature. Are we to conclude that science only 
exists for us who have it ? 

We saw that this supposition leads to absurdity and rejected 
it. The validity of scientific truths is quite independent of whether 
they are grasped, where they are grasped, and by whom they are 
grasped. Can it be otherwise with the aesthetic values ? And is 
it not a much more satisfactory notion that humanity, which had 
to be slowly educated to a knowledge of truth, has also needed 
a long course of education in the other values, and will need to 
continue this course ? 

But at this pjoint the artist himself may perhaps raise a weighty 
objection. Subjectivism and relativism are to-day a common 
opinion in his circles. We can speak to-day of an almost patho- 
logical fear, above all on the part of the wide artistic public, but 
also on the part of innumerable artists themselves, chiefly those 
of the second and third rank, a fear of talking of any kind of 
objective aesthetic forms or values. This was by no means always 
the case. On the contrary, the great artists of the past were almost 
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all - with few exceptions - filled with the same feeling that also 
inspired the creators of the greatest scientific knowledge: the feel- 
ing that what was given to them to achieve was a gift from above, 
something that they laid hold of, and not really something which 
they themselves produced. 

Language, which has been developed in connexion with purely 
concrete things, h£is unfortunately no adequate terms for this 
peculiar relationship, in which the very highest activity of the 
creative worker is finally revealed to himself as a pure vision. 
Goethe made the profound remark concerning Bach’s music, that 
it was ‘as if eternal harmony were conversing with itself’ and in 
fact, this impression is surely that of everyone of ciny understand- 
ing for music, when listening to the works of Bach. How does it 
happen that no one then thinks of Bach, the badly paid cantor in 
St. Thomas’s, the man with ill-behaved scholars, evilly disposed 
superiors, and innumerable children ? What altogether is, in the 
case of such music, the man that ‘created’ it ? Is he not perhaps 
really what he considered himself to be: a mere speaking tube, 
a means in the hands of a higher power creating through him ? 

These expressions are, as we have said, inadequate, for they 
deny all too strongly the intense activity of the artist concerned, 
which is always present at the same time. The truth of the mat- 
ter is best expressed by sa3dng quite directly that, in such men, 
a particle of the divine exhibits its activity, and that for this 
reason they are both at once: nothing and ever5d;hing, an in- 
different means and the highest creative power. I surely think 
that artists themselves have the greatest interest in preventing 
this highest view of their calling from being completely smothered 
in the waste of present-day mere relativism, and pursuit of 
originality at any price. What then are finally aU the numerous 
would-be great, as compared with the few who really bring forth 
great things ? The repeated eind wearisome harping on the ‘own,’ 
the personal, is really, when examined closely, nothing but the 
poor cloak which a period fundamentally unproductive, because 
devoid of faith in the higher calling, wraps around its own naked- 
ness and calls a royal mantle, whereas it is in truth really a beggar’s 
ragged garment. 

But if what we have said concerning art in the narrower sense 
is true, it cannot be too far-fetched a statement when we ascribe 
also to the aesthetic values of nature, what we have ascribed 
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to the human artistic values; thus admitting that it is finally an 
objective side of nature that we grasp with our aesthetic sense, 
not one which we create. Only that the actual creative artist 
here is another than the conscious human mind, or perhaps more 
correctly: here artistic creation does not take place in the form of 
an individual consciousness, but in that of the still unconscious 
hfe of nature (see above pages 424,531). But why should not 
this be just as capable of aesthetic, as of teleological achievement? 

As Titius, whom we quoted above, quite rightly says, the whole 
inorganic world in its foundations is 'rided by a symmetry, order 
and regularity,’ which appeared to us almost incredible. T. K. 
Oesterreich states quite directly:*^® ‘The world must be under- 
stood, not merely by the way, but quite seriously, as the work of 
art of a divine creative spirit ... it is a part of its nature that 
even the most terrible may still bear aesthetic values . . . how- 
ever far below the moral we may place the aesthetic, it is a value 
which permeates the world, one which takes a ruling position 
everywhere in creation, in the greatest as well as in the last 
structural refinement of the invisible’ and he is also right when he 
adds: ‘It is very difiicult to believe that the whole was created by 
an absolutely good God (in view of evil, of which we shall speak 
immediately); but it is written, as it were, on the forehead of the 
world that it was created by a God who felt and acted artistically.’ 

This last sentence carries us away from the aesthetic judgment 
of the world to the ethical and religious, and there can be no doubt 
that these are the deepest problems of the whole of philosophy. 
They nevertheless belong, as I once more expressly emphasise, 
without question to scientific philosophy, which would indeed 
deprive itself of its truest and highest value, if it excluded them. 
For the final reason why persons of ripe and developed mentality 
pursue philosophy is that they desire to attain to a clear view 
concerning these final questions of our world view, as far as 
this is possible by the aid of our reason. Hence we will attack 
this last and most difficult task, the problem of evil with courage 
and determination, but as Frenssen said, ‘With clenched teeth.’ 
The poet sang of a world 

Where every prospect pleases, and only man is vile 

but in reality the whole living world, apart from man, is filled with 
pain and misery of all kinds. 
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Alongside much that is beautiful and harmonious, the terrible 
and cruel stands in every form and gradation. A moving des- 
cription is given in a recent poem by W. Widmann,"* and to go 
back to a somewhat earlier period, we may remind the reader of 
the well-known novel of Vischer, Auch Einer. It is naturally the 
simplest way to deal with the problem when, here again, we take 
our stand behind the positivist and relativist barriers, and say that 
everything, both beautiful and noble as well as terrible, only exists 
for humanity, which reads its own values into nature; the latter 
being neither one or the other in itself, but simply there, and neces- 
sarily as it is. But such mere rejection of every deeper inquiry 
will never satisfy permanently those who think more profoundly. 

Precisely the same is true here as in the case discussed above on 
our aesthetic contemplation of nature: the plain and sober deter- 
mination of the facts and their relations by science in no way 
excludes the further ethical and religious inquiry, but rather de- 
mands it as a necessary extension, if we are really to understand 
the world and not merely to analyse it theoretically (see above). 
Let us therefore attempt a short general view to begin with.**® 
By the term ‘evil’ in the broadest sense we shall here understand 
everything which appears to us as if, according to our own stand- 
ards of value, ‘it ought not to be.' It is divided into two chief 
categories of physical and mored evil (‘wickedness’) but we are 
dealing here chiefly with the first, which itself may again be 
divided into the four divisions of dysteleology, bodily and mental 
suffering, and death. 

We use the term dysteleology to describe a large number of 
arrangements, which contradict our ordinary standards of utility 
or good design (the technical ideal), or at least appear to contradict 
them, for example, the enormous waste of germs in living nature 
(a single hving offspring for a million eggs), the apparently sense- 
less destruction of life, particularly also valuable hfe, by geological 
catastrophes, the useless rudimentary organs and equally useless 
excessive developments (see above), and many such cases. This 
category of evil is comparatively the easiest to dispose of, for at 
least in very many cases we can show that a certain purpose, such 
as the maintenance of the species, is at any rate assured in this 
way, however clumsy it may seem. In many cases this explana- 
tion entirely fails, and taking it all in all, an imprejudiced view 
forces upon us the impression that Paulsen is right when he compares 
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the utilitarian uses of nature, for example in the maintenance 
of species, to a himter who hres oft in a field a hundred thousand 
guns in evei^' possible direction in order to shoot one hare. 

As regards other physical evils, pain and death, a biological 
explanation can be given without difficulty. It is clear that pain 
causes living beings to avoid injurious influences. It serves as a 
warning; hving beings like in other respects those we know, 
but devoid of the sense of pain, could never maintain themselves 
in the struggle for existence against those gifted with a sense of 
pain, they would die out in a very short time. It is equally 
evident that need has been the most important teacher in human 
civilised Ufe, and still is so. 

Death also, regarded biologically, is a necessary institution. 
For it strikes only the ‘soma,' that is, according to our present-day 
view, the off-shoot existing at the moment of the germ plasm, 
which continues to reproduce itself quite independently (Weis- 
mann’s germ path, see above). The soma may die, so long as the 
germ plasm lives on. Indeed the old must make way for the 
young, if any kind of progress - whether by selection or in any 
other way - is to come about. In accordance with this, the whole 
ofliving nature is based upon the mutual destruction of organisms, 
and in a definite territory there is actually kinetic biological 
equilibrium between the various kinds of plants and animals 
(compare page 401). A world in which ‘the lion lies down with 
the lamb’ is therefore a mere dream. The hving world as known 
to us would be completely unsuited for its fulfilment. What in 
such a world would the lion do with his fangs, the snake with its 
poison, and the polyp with its prehensile tentacles ? 

We must however expressly state, that life according to the 
latest investigations is potentially immortal (see above page 360). 
Since there is no reason for regarding the organisms hitherto 
investigated as different from the others, we may conclude that 
death, though it actually strikes all organisms, is always and 
solely caused by the accumulation of injurious influences in the 
course of life (in which however we must also reckon internal 
changes which in normal cases produce death) but that above and 
beyond this rule, there is no secret and inward ‘law of death.' 

All this is naturally also true for man. But in his case and his 
alone we have to add to physical evil, moral evil - wickedness or 
sin. ‘He distinguishes, chooses and judges,’ (Goethe) but he does 



NATURE AND JUDGMENTS OF VALUE 603 

not himself act accordingly, and thus, in accordance with the 
measure of his own valuations, is guilty. And this guilt increases 
already existing physical or natural evil in a monstrous fashion. 
Homo homini lupus! many more human beings are destroyed 
directly or indirectly by other human beings than by any of the 
powers of nature, quite apart from the innumerable tortures of 
every kind, both of body and soul, which human beings inflict 
upon one another. We hardly need to mention that these facts 
are the chief source of all higher rehgions, and of numerous systems 
of philosophy of historical importance. 

We must first be clear that we are dealing with a serious meta- 
physical problem, which cannot be abolished by a few cheap 
rationalisms. Two ways of avoiding this problem are often 
attempted. One is to point out the beautiful and pleasant side 
of natural life which undoubtedly exists alongside all this evil. 
Whoever experiences sympathetically the joy of all young life in 
nature, that of a playful Idtten as well as of a human child, who- 
ever observes mother love, as it already exists in the touching 
self-sacrifice of animals, whoever hears the birds sing and rejoice 
on a lovely summer’s morning, naturally arrives quite easily at the 
impression that only a dismal pessimist can talk of the evil in the 
world, and is inclined to rather cry with the poet: 

God’s in his Heaven - all’s right with the world ! 

If he does not throw aU philosophy overboard in such moments, 
he will find theoretical satisfaction in saying that unavoidable evil 
must simply be endured for the sake of all that is beautiful and 
pleasant. 

But the same man may appear thirty years later as a worn out 
and tired creature, upon whom care and disease, or loss of his 
nearest and dearest, have set their stamp, he will then perhaps 
read us a lecture on the doctrine of Solomon, Schopenhauer, or 
Buddha, that aU is vain. Tt were much better that nothing 
should come into existence ... for all that exists is worthy to 
be destroyed’ (Mephisto). It is clear that the judgments in both 
cases depend upon the merely relative and subjective mood, and 
it is certain that no objective value is to be attached to them. 

Whoever attempts seriously to think out, in a manner as far as 
possible free from the effects of his own temporary moods or per- 
sonal character, how far happiness or unhappiness, pleasure or 



NATURE AND MAN 


604 

pain, are distributed in the whole of creation, will always arrive 
at the result that the two, taking it all in all, about balance one 
another. In any case he will have to admit that evil is real to an 
extent which does not allow us to pass it by as a subsidiary matter. 
Assuredly it must not lead us to under-estimate the positive and 
creative elements of life, but it is certainly not allowable to close 
our eyes before the dark side of nature. 

Another and more acceptable way out is the heroic point of view 
as put in Felix Dahn*s novel, Julian the Apostate, into the mouth 
of the German prince, Merov’^ech Serapion, also in that of Teja in 
the Fight for Rome. The hero says: Yes, the world is full of evils, 
they outweigh perhaps the good and beautiful, but for that very 
reason I stand firm and fight with them ever, even if I know that 
it is in vain. Si fractus illabatur orbis impavidum ferieni ruinae. 
There can be no question that from the practical point of view this 
attitude is in many cases the only one humanly worthy. Teja's 
view of the world is theoretically identical with the Buddhistic. 
It is pessimism, but the practical consequence drawn by this re- 
presentative of the Teutonic spirit is the opposite of that drawn 
by the Hindu with his quietism. The latter finds salvation in the 
annihilation of the will to live, and the former in fighting to the 
death. 

Such a view of the world has something heroic about it, but it 
easily leads to callousness and cruelty. If nature is cruel, good, I 
will be the same ! Struggle for existence becomes the motto, 
and everyone is to pursue his own ends remorsely as best he can. 
Nietzsche's magnificent 'blonde beast' becomes all too easily the 
ideal man of the future. 

This is not in itself necessary, for even a hero may be a human 
being of tender sensibility, meeting all beings with kindness and 
love - indeed, he may stUl remain a hero though sacrificing himself 
of his ow'n free will for his brethren. But then it is necessary 
that he should see evil also from another side (which, by the way, 
Dahn's Teja actually does, he having been more coloured by 
Christianity than he admits). Such a one cannot be content to 
say that evil being there, it gives him a welcome opportunity of 
exhibiting his heroism. He is obliged to experience it sympathe- 
tically in his heart; and then he cannot stop at that, but must take 
with him the deep conviction that it really ‘ought not to be so' 
and that the problem is therefore not solved if individual heroes 
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succeeded in conquering it. What is to happen to the innumer- 
able creatures to whom such a power is not given ? Animals that 
are timid by nature, or men who are not all heroes by nature, and 
cannot be so ? Is there no solution to the problem for these ? 

An especial variety of this ‘heroic' solution is very widespread 
to-day in biological circles: the reference to the biological necessity 
of pain and death which we have pointed out above. These are 
certainly facts, but what is the use of my explaining the biological 
necessity of pain to a person suffering terrible torture from cancer 
or kidney disease ? Or to a mother at the grave of her dearest, 
the biological inevitability of death ? The question behind it all 
remains completely untouched: why must the world be made in 
such a way that these bitter necessities exist in it ? 

While these, so to speak natural attempts to evade the problem 
turn out to be untenable, matters are no better with certain other 
solutions which have growm up upon a specifically religious ground. 
These solutions are distinguished from the former by at least 
taking the problem seriously, and by really recognising the full 
weight of evil. But the reasons they give cannot satisfy us. 

One of these answers is the pedagogic. God allow’s evil in order 
to discipline man by it. We may reply to this assertion, w'hich is 
much favoured in religious circles, that in far the great majority 
of cases such a pedagogic justification can at best be constructed 
after the event, and that in the second place, it not seldom leads 
to simple cruelty to others, as for example the assumption by a 
person that the disease and death of his wife or child are the result 
of God's discipline for him (w’ho is naturally the person of chief 
importance). Thirdly, it completely fails in the face of mass 
misfortunes, which obviously pass one by and strike another 
without any reason (w^ar, earthquake, etc.). 

The believer has certainly not merely the right but the duty 
to ask himself in the case of every such stroke of fate, what God 
now' demands from him in this position; and in this sense he may 
also ask: wby has God laid this upon me ? But as soon as this 
question assumes the sense that the event in question has hap- 
pened simply for his education, piety turns into blasphemy, or at 
least naive religious egoism, which has nothing to do with true 
religion. 

But if the pedagogic answer is thus open to grave doubt, it must 
also be admitted on the other hand, that there is a considerable 
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element of truth in it, inasmuch as need, as we have already 
said, is in fact the teacher of humanity, and has at aU times been 
so. In this sense we may regard evil generally as a means of edu- 
cation in the hands of a cosmic power, but we must avoid giving 
this idea an individual turn. All that then remains of it is the 
quite general statement that, for a religious view of the world, it is 
self-evident that evil also serves God’s purposes, and it then be- 
comes, as Mephisto says, 'A part of that power which always wills 
evil and brings about good’ and in the same sense the Lord himself 
says in the Prologue: 

Hence this companion purposely I give. 

Who stirs, excites, and must, as devil, work. 

But it is clear that whUe this answer may produce a partial 
satisfaction, it does not remove the gigantic unreason of this whole 
pedagogic point of \new. In innumerable cases need and evil 
bring about something entirely other than good, and often even 
wickedness. The German nation has by no means been improved 
as a result of its defeat, which was certainly undeserved in pro- 
portion to its guilt. On the contrary’, it has become much worse, 
and would in all human probability have been much more likely 
to progress morally if it had been victorious in the beginning in 
1914, when all good instincts were awake in our nation, and then 
gained a just peace. 

In many individual human destinies also, the failure of the 
teaching of suffering is obvious. Innumerable people otherwise 
quite capable and valuable become, as a result of disease, embit- 
tered or hypochondriacal, and torture those nearest to them whom 
they once loved and cared for; and this fact is just as real as the 
other one that many become through such suffering, better, more 
patient, and more amiable. Is it logical to ascribe the Ijenefit 
in the latter case to divine discipline, but the degeneration in the 
former to human weakness alone ? The truth is that both suffer- 
ing and good fortune may make man better, but that both of them 
also make him worse. 

\\'e now come to the second religious solution, the doctrine that 
all physical evil is the consequence, and further the juridical con- 
sequence (punishment) of human sin. This doctrine is held even 
to-day by the majority of religious people among us as impreg- 
nable dogma. It is supported upon the teaching of the Apostle 
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Paul (in the Epistles to the Romans and Corinthians) who for his 
part went back to the Old Testament story of the Fall. This solu- 
tion brings us right into the middle of the metaphysical discussion 
of the problem, which without doubt is here grasped in all its 
keenness. 

But at this point we are given an especially plain example of the 
extent to which the results of the natural sciences trench upon 
metaphysics. It is modem natural science which must uncon- 
ditionally veto this theory, at least in its common form. While it 
cannot be denied that in many cases physical evil may come to 
human beings as the result of certain sins, it is quite impossible to 
generalise this experience over the whole of evil. For in the first 
place, the whole of extra-human creation suffers in the same way, 
although perhaps to a somewhat less degree in single cases (on 
account of the lower level of consciousness), and this suffering 
came into the world millions of years before mankind. 

In the second place, it is equally certain that man took over this 
suffering from his animal ancestors; he was mortal and sensitive 
to pain long before he could ‘sin’ in the moral sense (for he had not 
yet a free moral will). Both reasons together make it impossible 
to maintain this doctrine in the usual manner. (The question of 
how far we are to lay the responsibility for it upon Paul, may be 
left out of account here as a purely historical matter. But it is 
certain in any case that he has almost always been understood in 
this sense). 

If a ‘Fall’ retains any sense in face of modem knowledge of 
nature, it can only be this, that man in the moment when he 
acquired an ego, also became capable of the conflict between moral 
values already recognised by him, and his own lower instinct. 
This naturally happened already in dim primitive times, always 
and everywhere anew, and still happens anew in every growing 
child. These lower and egoistic instincts are, however, nothing 
but a possession also common to the animals, and w’hat is charac- 
teristically human is simply the weakening to consciousness of the 
conflict between them and the higher claims which have become 
autonomous. 

If then this primitive form of the doctrine in question cannot be 
maintained, we must still pursue the question whether it may not 
perhaps contain a deeper core which is still valid to-day, and which 
it is only necessary to free from a too narrow, historically 
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conditioned, complex of ideas in order to lay hold of a deeper truth. 
In actual fact, as soon as we state the question thus, this biblical 
doctrine touches the deepest wisdom of another people, which 
appears to have the highest aptitude for metaphysics of all 
mankind, the Hindu. 

We have already seen above that the true cause (speaking meta- 
physically) of all evil lies in the division of the one world-will into 
innumerable part and individual wills. This is precisely the 
fundamental thought of all Hindu wisdom. The famous Weil 
of Maya' is nothing but the part-consciousness, which mistakenly 
believes itself to be the centre of its world, with its forms of 
thought and categories. If this veil is tom asunder, that is to say, 
if the illusion of ego is destroyed, the world is saved. It passes 
into Nirv^ana. 

In this last doctrine of salvation, it is true, the Hindu philosophy 
takes precisely the opposite direction to Christianity, which finds 
the secret of the salvation of the world, not in the complete ex- 
tinction of the individual will, but in the voluntary sacrifice in- 
spired by love (since in love will is able to meet will without both 
being destroyed). But the assumption is common to both, that 
the source of both physical and moral evil or sin lies in the self- 
seeking of the individual will, and any other solution of the 
question but this is in fact impossible unless we renounce all 
metaphysics. 

This assumption is also found everywhere in Christianity, 
where the influence of the Germanic spirit, racially allied to the 
Hindu, makes itself felt. It is chiefly seen in the case of the Ger- 
man mystics (Eckhart, Bohme). But it has alw^ays had difficulty 
in fighting the superior power of the Jewish juridical theory. 
We hardly need say that, on the other hand, the adoption of the 
conclusion drawn by the Hindu doctrine of salvation was impos- 
sible for the active European mind, with its fundamentally posi- 
tive attitude towards life. The fact that such Buddhistic tendencies 
are spreading at present among ourselves is a sign of serious mental 
disease in our culture. 

This brings the task of scientific philosophy to an end; indeed, 
the last sections have carried us far beyond it. Nevertheless, we 
could not omit them, since scientific philosophy, as w^e see, has 
very important contributions to make to this problem, which 
in itself belongs to the philosophy of religion. A further pursuit 
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of it, would however, take us into the purely religious field. We 
should then have to investigate what conclusions regarding the 
idea of God are to be drawn from the position of the problem as 
stated. We must renounce any attempt to carry the matter 
further here, and can only refer the reader to the author's essay on 
‘Evil in the World from the point of view of Science and Religion.' 

The fundamental question which arises at this point is why, if 
the world rests upon an Absolute (God), and a world could only 
come into being by the division of this One into many, this one 
Absolute did not prefer to be self-sufficient, but instead took upon 
Itself the existence of a world (these expressions being naturally 
mere images of eternal existences), the pain and joy of which It had 
Itself to share. This question is, as we see, the problem of contin- 
gency (page 214) as seen from the point of view of value. We have 
already seen that human understanding cannot solve the problem 
even purely theoretically. It is also unable to solve the problem 
of value connected with it, the so-called problem of theodicy, 
in a logically unexceptionable manner - this is self-evident, since 
the final values can just as little be founded logically as the final 
facts, since they themselves are the necessary presumptions of all 
judgments of being and value. 

But although our mind, brooding over the problem, has to admit 
that, having investigated what is capable of investigation, it has 
no other choice than quietly to revere what cannot be investigated, 
mankind is not for this reason completely barred from entering 
this realm, concerning which Frennsen's fine sajdng holds: ‘We do 
not liv^e for this life, but for the secret that hes behind it.' 

Wliere the scientist and the philosopher have to be silent, the 
artist, the poet, and the prophet may still speak to us, indeed, this 
is their truest realm. What can no longer be stated in the ingeni- 
ous phrases of human wisdom, may still be brought home to the 
sensitive spirit by the language of rehgious inspiration, art, and 
above all music; to such an extent that we may well be in doubt 
which way brings us nearest to the root of the matter. This 
revelation reaches its highest and purest degree wffien all three 
speak together, when the poet's gift comes to the help of the 
prophet, and both are brought by the language of music to a degree 
of expression infinitely beyond mere words. 

Listen with your inner, and if possible with your external, ear, 
to the great chorus of Creation's rejoicing in Beethoven's Ninth 

QQS 
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Symphony: hear Schubert's AUmacht, Haydn’s Star s3rmphony ! 
Or go to church when Brahms' immortal Requiem is being given, 
and let the eternal Song of Praise fill your ears: ‘Lord, Thou art 
worthy of praise, and honour, and glory. For Thou hast created 
all things.’ And go on Good Friday to hear Bach’s St. Matthew 
Passion, and the Missa Solemnis and the B minor mass, the two 
greatest works produced by human, nay superhuman, inspiration. 
When you then hear the angels in Heaven singing ‘Sanctus, 
sanctus Dominus, Deus Saboath’ - with Beethoven in mystery 
far removed from all eeulhly things; with Bach in endless rejoicing, 
rising ever higher and higher - then you get a faint inkling of the 
reason why God did not remain God alone, but created a world 
with joy, life and love, but also with pain, death, and sin, and of 
where the solution of this contradiction is to be foimd. No 
philosopher in the world can teU you more about it than Bach, 
Beethoven, and Brahms. 



THE PERIODIC SYSTEM OF THE ELEMENTS 


0 

> 

& 8 

2§ 

00 d 

M fo 

{2 s, 

as: 

fS ^ 

fa « 

0 

N 

"io- 

to H 

vO* 
vO 0 

^ M 

JS 

fa 

H 

9 

fa 

^ M 
^ 0 

H 

B 'o 

W w 

00 ^ 

£ 

00 01 
r>^ 

U M 

JC 

fO 

O' 

tN, M 

CO 

0 O' 

VO q 
t>. Oi 

H 


M 

> 


(K 0 

0'^ 

M fTi 

CQ q 

C ^ 

s S 

u-^ 

N «n 

i-H q 

C8 rrj vO" 

fO 

1 

4) 

fa ® 


> 


0 8 

00 VO 

in 0^ 

\0 N 

M ro 

a 

in N 

^ d 

U ^ (Ti 

0 q 

^ N 

w »n 

H 

0 (S 

N 0 
^ O' 

^ 0 00 2 
'f N 

r^x ' 

0 q 

N 00 
0 PO 

c< 

B 




01 0 
< q 
^ it 

> q 

M* 

N W-J 

X) 0 

c/5 

X M M 

M 

^ 01 

c- "" 

L* ^ O' 

H »r> X 0 

fO M* N 

M 0 

. 

M ^ 

0^ 

> 


0 q 

SO 

M 

vO 

in \ 
'«^00* 

0 

0 'q 

ft 

H q ^ 
c« 

w ^ 

1 

C/5 

S- 01 

fa N 

£vo£ ? 
NX* N I 

! 

X ^ 

H „• 

0 

0 w 

►H 


n » 

< a 
too* 

M N 

rt N 

0 ^ 

Pl'O 

0 0 ' 

(/} M 

M 

W ^ 

Qs ^ 

M 

M 

Sd ^ 

O' 

O' <> 

POOO 

to 

X 

u 

cd 

fa M 

Si t 
3 ^ 

fa m 

an 

» 0 

M 

0 _ 

< 

.S' it 

l-< 



S ro 

w ^ 

M « 

C 00 

N ^ 

<3^ 

0 o' 
w 

3 s- 

» 2 
^ M 

(J5 VO 

00 tC 
fOoo 

00 

fa c 

0 2 

« S 

«* rs. 

fa fO 

VO rC 
»0 ro 

45 

w 0 

X »o 

I X N 

N 


00 

X 8. 

M M 

■a 5 

fOvO 

1 8 

H fO 

M N 

V ^ 

S' 5* 

2 

o» oK 

M fO 

0000 
< 00, 

(« :? 

«o 

POOO 

P 

^ N 

0 j;* 

« M 

0 X 

N 

•n po 

1 

ts. 

X 


6x1 


Rare earths (57 - 71): La, Ce, Pr, Nd, (II), Sm, Eu, Gd, Tb, Dy, Ho, Er, Tu, Yb, Lu. The number in front 
of the symbol of each element is its 'atomic number,' the number beneath is its atomic weight (isotopy not 
being taken into consideration). The Roman numerals at the top indicate the column number. Elements 
in the same column exhibit great similarity with one another. 






























NOTES 


PART I 

^ The exact definition of an individual substance can only be given on the 
basis of thermo-dynamic laws which have been mainly investigated by 
Willard Gibbs. See any standard work on physical chemistry, e.g. 
A System of Physical Chemistry , by W. C. M. C. Lewis, Vol. ii (New York 
and London, 1925). 

2 The elements of chief practical importance are: - carbon, oxygen, 
hydrogen, nitrogen, sulphur, phosphorus, silicon, iron, magnesium, calcium, 
potassium, sodium, chlorine (these are all constituents of organic com- 
pounds), aluminium, copper, tin, zinc, lead, nickel, mercur\’: the noble 
metals, gold, silver, and platinum; and further, chromium, manganese, 
cobalt, arsenic, antimony, bismuth, iodine, bromine, fluonne, boron, 
barium, strontium, radium, uranium, thorium, cenum, tungsten, osmium, 
iridium, zirconium, helium, neon. 

3 See E. Cassirer, Substance and Function (London, 1923), also most of the 
general philosophical works given in the bibliographies at the end of this 
volume. 

^ On the history of the Atomic Theory, see: F. A. Lange, The History of 
Materialism, trans. by E. C. Thomas (London, 1925); J. W. Mellor, A Com- 
prehensive Treatise on Inorganic and Theoretical Chemistry, Vol. i (London 
and New York, 1922); J. C. Gregory, A Short History of Atomism (London, 

1931)- 

Recent developments in atomic physics have been described in a veiy- large 
number of books, of which the following may be mentioned: E. N. Da C. 
Andrade, I he Structure of the Atom (London, 1927); Lord Rutherford, J.C. 
Chadwack, and C. D. Ellis, Radiations from Radioactive Substances (Cam- 
bridge, 1930); A. E. Ruark and H. C. Urey, Atoms, Molecules, and Quanta, 
(New York and London, 1930); G. Gamov, Constitution of Atomic Sitclex 
and Radioactivity (Oxford, 1931). 

** See text-books on the history of philosophy, e.g. Windelband’s excel- 
lent descrijition. 

« The method of obtaining atomic weights may be found in all good 
text-books of inorganic chemistry’. 

See 'The Architecture of the Solid State/ by W. L. Bragg, Nature , Vol. 128, 
pp. 210, 248 (1931), with reference to the account of solids wdiich follows 
in the text. 

’ Naturu'issenschaften, 1926, No. 3, p. 43. 

* For an account of the properties of thin films, see J. Alexander, Colloid 
Chemistry, Vol. i. Art. 'Surface Energy and Surface Tension,’ by W. D. 
Haskins, pp. 226 ff.; H. Freundlich, Colloid and Capillary Chemistry, trans. 
by H. Stafford Hatfield (London, 1926), gives a very full account of the 
whole subject. There are numerous small treatises in English, including 
one by H. Freundlich; also Soap Films, by A. S. C. Laurence (London, 1929)* 
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* An account of Perrin's work on suspensions will be found in his book 
Brownian Movement and Molecular Realty, trans. by F. Soddy (London, 
1910). 

The calculation of the 'mean free path* and Loschmidt number may 
be found in J. Walker's Introduction to Physical Chemistry, Chs. x and 
xxiii (London, 1910}, and in other books too numerous to mention. 

The figures are mainly derived from Dom. 'Experimentelle Atomis- 
tik* in the volume Physik from Kultur der Gegenwart (Teubner, Leipzig, 

1915)- 

See Erich Becher, EinfUhrung in die Philosophic (Munich, 1926). See 
N. Campbell, Physics, the Elements, p. 19 (Cambridge, 1920). 

On the various stages of certainty in knowledge, see R. Richter, Der 
Skeptizismus und seine Ueberwindung. 

Cf. W. Kodwiss, Naturw. Wochenschrift, 1919, Nos. 49 and 50. 

I am glad to find that this statement meets with the assent of all 
eminent physicists; e.g. Bohr, Naturwissenschaften, 1930, No. 4, p. 73. 
[Ostwald ^\ithdrew his objection to atoms; see his I^eface to his Outlines 
of General Chemistry, trans. by W. W. Taylor, London. 1912. The Preface 
is dated 1908.] 

Adickes, Kant contra Haeckel (Berlin, 1906). 

The most overwhelming criticism is that of Stallo (The Concepts and 
Theories of Modern Physics, London, 1872), who does not leave modem 
atomic notions a leg to stand upon. Further illustrations of my remarks 
are to be found in OstA^'ald, Grundriss der allgemetnen Chemie, 2nd ed., 
1890, pp. 3~6 [Eng. trans. Outlines of General Chemistry, London, 1890] 
('Wliat the real nature of matter may be remains unknown to us - and a 
matter of indifference’). Mach, in the Mechanik, 4th ed., p. 321 [Eng. 
trans. The Science of Mechanics, 4th ed,, 1919] ('We can nowhere perceive 
atoms, they are, like all substances, creations of thought. . . . Though 
atoms may very well be suitable to represent a number of facts, the scien- 
tist who has taken to heart Newton's rules concerning philosophising will 
treat these theories as of provisional utility, and strive to substitute for 
them a more natural view’). Compare also Mach’s Wdrmelehre, pp. 429 
and 430. 

The attempt, mentioned in the text, to construct the Law of Multiple Pro- 
portions ^\*ithout the use of atoms, is given by Wald in Vol. ii of Ostwald *s 
Ann. der Naturphilosophie. For Boltzmann's useless protest see Wied. 
Ann. 60, 231 (1897). 

Further examples of a hypercritical attitude towards atomic theory are 
found in the case of Nemst (see text). Drude (ibid.), Riecke (Preface to his 
text-book of Physics), Grimsehl (Conclusion of the first edition of his text- 
book). Dom also cites, in the article referred to in Note ii. Hertz’s view 
without contradicting it, although the whole article itself proves the con- 
trary. 

The most peculiar point of view is that of O. Lehmann, the discoverer of 
liquid crystals. (In Vaihinger's .^nno/en der Philosophic, Vol. i, ‘Das Als 
Ob in der Molekularphysik.’j After having stated in detail the number 
and nature of the reasons for assuming the real existence of molecules and 
atoms as an unavoidable conclusion (he says expressly that we are forced to 
make this statement, since the observations exclude any other interpreta- 
tion) he suddenly concludes by talking about biology, and finds that in it 
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the phenomena are not explicable on an atomic basis. Instead of drawing 
the only possible conclusion that this lies in the nature of the relationship 
between physics and biology (if vitalism is right), he finds the way out 
through the ‘As if' point of view in molecular physics, against which the 
whole of his initial statements form a complete protest. 

As a further example of the extreme caution and reserve exhibited in 
recent times by eminent physicists before again accepting atoms as real, we 
may cite W. Voigt's words from the volume on Physics in Kultur der 
Gegenwart (p. 717). *If the laws deduced on the basis of hypothetical 
ideas for visible processes prove to agree with experience, the admissibility 
of the fundamental idea is demonstrated. If the laws for various classes 
of phenomena can be deduced from the same idea, we may even ascribe 
probability to it. Such theories thus open up the possibility for us . . . 
of gaining an insight into a world not directly accessible to our senses.' 
Although it is later stated (p. 722) that ‘the molecular structure both of 
matter and electricity must be taken as proved,' there is nowhere any ex- 
pression of the opinion that this is all really much more important than 
anything that can be effected heuristically, and in the matter of thought 
economy, by the atomic theory. 

Haas in his excellent Introduction to Theoretical Physics (trans. by T. 
Verschoyle, London, 1924), says that an experimental test of the theory, 
and possibly an expenmental decision as to the correctness of its funda- 
mental assumptions may be given. 

Among the earliest to recognise, if somewhat conditionally, the real value 
to knowledge of hypotheses, were Volkmann (Erkenntnistheoretische Grand- 
zUge der N aturwissenschaften and Einfiihrung in das Stadium der Theoreti- 
schen Physik), and Hofler and Poske (ZS. /. ph. a. ch. Unt., Heft i, 1912). 
Among philosophers, Eduard von Hartmann first made a determined stand 
against the ‘hypotheseophobia of modem physics' {Die Weltanschauung 
der modernen Physik, 2nd ed., Leipzig. 1902), and he was followed by Erich 
Becher, whose book, Die philosophische Grundlagen der exakten Wissen- 
schaften, contains a devastating criticism of Mach's views. Becher starts 
very cleverly from sound, in which we can most clearly recognise the law 
that a physical reahty (vibratory motion) is at the bottom of the sensation 
(musical tone). On the other side we have, amongst others, the founder 
of the philosophy of 'As If,' Vaihinger. Though he distinguished sharply 
between ‘Hypotheses' ( — venfiable suppositions) and 'Fictions,' he 
classified the atom as belonging unquestionably to the latter. 

The English reader should consult K. Pearson, The Grammar of Science, 
3rd ed., London, 1911. Pearson is the most eminent English disciple of 
Mach. 

See the previous note. 

‘A more exact understanding of this problem requires a knowledge of 
the Calculus, which Newton invented for this particular purpose. See 
text-books of physics. 

See the authors referred to in Note 17. 

Such an attempt was made for example by Petzoldt in H aturwissen- 
schaften, 1922, No. 10, p. 230. Compare the reply to this by Thirring, in 
the same journal, p. 231. Petzoldt maintained that Mach's opposition was 
not to the atomic theory as a fully justifiable ph3rsical hypothesis, but 
only to ‘the metaphysical atom.' But the actual wording of Mach's 
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statement shows that without a doubt, Mach fought the atom in physics 
for the reason that he regarded it as metaph3rsical. It is natural that this 
fact should be embarrassing for positivism and pragmatism. But unfor- 
tunately what was done cannot be undone. 

** See text-books of physics. The gravitational constant is the force, 
measured in dynes, wth which two masses of one gram each placed one 
centimetre apart, attract one another. According to the best recent deter- 
minations, its value is 0.0000000668. Recently the Italian physicist, 
Majorana, states that he has found an absorption of gravitation due to in- 
terv'ening matter. If this is true, all astronomical calculations would need 
considerable correction. If gravitation is a field action similar to electric 
and magnetic force, this assumption would be a probable one, but the 
absorption must in any case be very small, otherwise it would certainly 
have been alread}' detected. 

A very sensible criticism of the whole formation of physical hypotheses 
and theories has been given quite recently by H. Feigel, Theorte und 
Erfahrung tn der Physik (Karlsruhe, 1929). My only objection is that the 
author has not been able to free himself from Mach's ‘Conscientialisrn' re- 
garding the problem of reality, to the extent that he has freed himself from 
Mach's scepticism and pragmatism in the matter of the problem of truth. 
B. Russell, Our Knowledge of the External World (London, 1914): A. N. 
W’hitehead, An Inquiry Concerning the Principles of Natural Knowledge 
(Camb., 1919); C. D. Broad. Perception, Physics, and Reality (London, 1914) 
and other books in the English bibhography. 

Q>nceming the true sense of New'ton's words see Verw'eyen, Phil, d, 
M-. p. 9 - 

I refer again to my description in Poske-Bavink, Oberstufe der Physik, 
pp. 16 et seq. 

See also article by Voss in the mathematical volume of Kultur der 
Gegenwart. 

[See B. Russell, Introduction to Matnematical Philosophy (Cambridge, 
1917); F. P. Ramsey, The Foundations of Mathematics (London, 1931).] 

See the histories of atomic theory given in Note 4, also Frost, Bacon 
und die Naturphilosophie (Munich, 1927). 

See Gehxcke, Physik und Erkenntnistheorie (Leipzig, 1921): Mach, 
Erkenntnis und Irrtum, p. 439; also Space and Geometry, trans. by T. J. 
McCormack (Chicago and London, 1906). 

Weyl, Space, Time, and Matter, trans. by H. Brose (I-ondon, 1922). 

Poincar^, Science and Method, trans. by Maitland (London, 1914); 
Dingier, Die Grundlagen der Physik', Schlick, Raum und Zcit in dcr gegen- 
wartigen Physik] and particularly Reichenbach, Philosophic der Raum-Zeit- 
Lehre (Berhn, 1929). ^ealso references in the relativity bibhography l)elow. 

See, for example, L. Lange, Note 32. 

** The pre-relativist literature on the problem of motion is already 
almost unmanageable. A fundamental w'ork is L. Lange’s Die geschtcht- 
liche Entwicklung des Bewegungbegnffs (I^‘ipzig, 1886). We may also 
mention Streintz, Physikaltsche Grundlagen der Mechanik] Mach's 
Mechanik. 

Liebmann's Analysts der Wirklichkeit. Historically, Aster, Raum und Zeit 
in der Geschichte der Philosophic (Munich, 1925). 
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** Poske, Vierieljahrschrift f, wiss. Phil., 1884; Mach, Mechanik, 4th ed., 
p. 279; Hdfler, Lehrhuch der Physik (Braunschweig); Heymans, Die Gesetze 
und Elemente des wiss. Denkens (Berlin). 

Strictly speaking, this definition must be preceded by the experimental 
result, that the relationship between the accelerations produced m any two 
bodies by the influence of any kind of arrangements (charges of powder, 
stretched spring or the like) is independent of the nature of these arrange- 
ments, and hence only dependent upon a property of the two bodies 
themselves. 

See Naturwissenschaften, 1919, pp. 149, 327. 

8® I must here again refer the reader to the text-books of physics. 

87 Frost, see Note 27. 

88 E Mach, The Science of Mechanics » 4th ed., trans. by T. J. McCormack 
(London, 1919). 

88 Volkmann, Einfuhrung, p. 72. 

*8 Bavink, 'Formalistisches und realistisches Definitionsverfahren in der 
Physik,’ ZS.f. ph. u. ch. Unierr., Vol. xxxi, No. 5, p. 161. 

Quite recently, the experimental investigation of the question whether 
gravitation is so strictly additive a property, that the effect upon one body 
upon others can be simply calculated by addition of the effects of its single 
parts, has again been taken up seriously. See Note 22. 

^2 This view comes out quite naively also in Kant, for whom the a priori 
truth in pure science of the conservation of matter was true apodictically. 
(Critique of Pure Reason, N. K. Smith’s translation, London, 1929, p. 212.) 
Particularly characteristic is the stor)% two pages further on, of the 
philosopher, where weight suddenly appears as quantity of substance. 
Cf. text, p. 215 

^8 The literature is enormous. We may mention Sig^vart and Wundt, 
Logtk\ Liebmann, Analysis der W irklickketV, Cohen, Logik des reinen 
Erkennens’, Becher and Dingier, Naturphilosophie; Konig, Die Entwicklung 
des Kau sal problems', Wentscher, Geschichte des Kausalprohlems (Leipzig. 
1921); V^erworn, Ueber Kausale und Konditionale Weltanschauung', Cor- 
nelius, Einleitung in die Philosophic; Kleinpcter, Der Phdnomenahsmus; K. 
Pearson, Grammar of Science (London, 1911); J. S. Mill, System of Logic 
(London, 1875); J. Ward, Xaturalism and Agnosticism (London, 1907); 
A. Wolf, Essentials of Scientific Method (London, 1928). 

On this question see M. Schlick, ‘Xaturphilosophische Betrachtungen 
aber das Kausalprinzip,’ Xaturmssenschaften, 1920, No. 24, p. 461. 

See Cornelius, Einleitung in die Philosophic. 

*8 Curiously enough the French philosopher, Meyerson, has misunder- 
stood iny argument in the same way, and Poske also, with whom I once 
had a long discussion by letter. 

87 Thus quite recently again, Zilsel, Natural ssenschaf ten, 1927, p. 280. 

88 K. Meyer, Die Entwicklung des Temperaturbcgriffes (Braunschweig, 

1923)- 

88 This is only apparently a purely nominalist definition. Compare 
Note 40. 

80 We cannot here go into the famous discussion between Leibniz and 
Descartes whether or mv (the momentum) is the measure of the 

'force' which is conserved. 
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The introduction of the name energy in the general sense is due chiefly 
to Kelvin and Rankine. Concerning the law of energy in general see 
Mach, Geschichte und Wuvzel des Saties von der Erhaltung der Arbeit) 
Planck, Wissenschaft und Hypothese, Vol. vi (Leipzig, 1913); Rey, Die 
Tkeorie der Physik (Leipzig, 1908); Poincar^, Science and Hypothesis, trans. 
by W. J. G. (London, 1905); Ostwald, Naturphilosophie. 

** It has already been remarked that Ostwald *s chief work on scientific 
philosophy is dedicated to Mach, and upholds a conventionalism similar to 
that of the latter in his 'analysis of sensation,' the classical work of this 
school. 

** Even when such proofs of God's existence are not set up, it is at least 
attempted, e.g. by Sapper in his Naturphilosophie, to find in the physical 
domain a teleology allied to that in the biological. 

^ It is an op>en question whether the law of energy still holds in the 
interior of the atom. Compare pp. 196, 213 ff. 

** The kinetic theory of gases gives us in a very simple manner, for 
example, the values for the specific heats of monatomic gases, and this 
leads directly to the law of Dulong and Petit for the atomic heat of solid 
elements. This, however, proves to be only true as the limiting value at 
high temperatures. The general law was first given by the quantum 
theory in a satisfactor>' manner. See the author's Grundriss der Neueren 
Atomistxk (Leipzig, 1921); and on the latter point Valentiner, Anwendungen 
der Quantenhypothese (Braunschweig. 1920). A. Haas, Quantum Chemis* 
try, trans. by L. W. Clodd (London, 1930). 

Phys. Zeitschr, 9, 465. 

The form of the second law is by no means definite. A large number 
of laws of more general and more special content, in some cases very dif- 
ferent from one another, are included under it. A more detailed discussion 
would take us too far. See the essay of Schnippenkdtter mentioned in 
Note 180. 

See text-books of physics, for example. 

w The reader should not allow himself to be confused by the fact that 
w^ater vraves are transverse. These do not take place inside the water, but 
on its surface, which tends to assume a honzontal plane form on account 
of gravity. This gives the effect of a 'quasi-elastic' force, as if the surface 
consisted of a stretched rubber membrane. Even this view is not quite 
exact. 

It already appeared in the earlier optical theories of Fresnel and 
Neumann, that two magnitudes directed at right angles to one another 
(vectors) can be introduced with equal justification, one being interpreted 
at that time as an elastic displacement, the other as a twist. The relation- 
ship betw'een the two has the same form as the Maxwell equations (p. x 12). 
In the formalistic theory of light, the nature of these two magnitudes 
(the light vector) was left undetermined. 

Rupp, Phys. Zeitschr. 28, p. 290; Lewtsky, ibid., p. 281. 

•* Regener, Naturunssenschaften, 1929, p. 183. 

•* It is characteristic of the obstinacy of positivist prejudice that this 
attempt is even repeated to-day, as for example by Frank of Prague in an 
essay which will be noticed at greater length later. (Naturunssenschaften, 
1929, Nos. 50, 51.) Here the assertion is actually once more served up to 
us that the identity in nature of light and electro-magnetism really amounts 
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to no more than the formal agreement between the laws of propagation of 
electro-magnetic and optical waves. I can only refer the re^er to the 
text in reply to this. 

The working-out of the atomic heat of the elements from the kinetic 
theory will be found in J. Walker's Introduction to Physical Chemistry 
(London, 1919), and numerous other text-books. 

The most important is given by the van't Hoff law. See, on the 
ionic theory of electrolytes, any text-book of Physical or Electro-Chemistry. 

•• Ne *= 4.325 Coulombs; taking N as 27.2 x lo^*, we get e * 0.159 x 
io“^® Coul. See p. 130. 

Recent theories, of A. Werner, have led to some modification in our 
views concerning the ions, since we have now reasons for assuming that 
not simple charged atoms such as K+ or H+ are formed, but hydrated ions, 
that is, complexes of these atoms and water molecules. But this makes 
no difference in principle. 

In spite of the undoubted success of this corpuscular hypothesis of the 
cathode rays, there have always been physicists who have attempted to 
give an explanation of the observed phenomena on the basis of a con- 
tinuity theory. The best known work of this kind is that of the Viennese 
physicist, Jaumann. Quite recently, as we shall see, the contrast between 
corpuscle and wave has in any case been obliterated to such an extent, that 
there would be no point in a discussion. We return to this matter in 
detail on p. 185 ff. 

See on this point J. J. Thomson, Conduction of Electricity Through 
Gases (Cambridge, 1928). 

On radio-activity and isotopes, see the book mentioned in Note 4 by 
Fajans, and also F. W. Aston, Isotopes (London, 1924). 

See Baer, ‘Der Streit um das Elektron,' Naturwissenschaften, 1922, 
pp. 323, 344. Regener, tb., 1926, No. ii; Millikan, Physical Review 26, 99. 

See Aston, ib. Note 70. 

’3 Since K41 goes over into Ca4i with radiation of /3-rays, and hence 
without change of weight, it should be possible to prove for calcium derived 
from minerals, containing \ery little of it together with much potassium, 
an atomic weight higher than the chemical atomic weight 40.01. A. and 
O. Frost actually believe that they have demonstrated this on the mineral 
microcline (having 11% K and 0.42% Ca), but this result is not as certain 
as Hdnigsehmidt’s research on lead. See Nature, 125, 48, No. 3141. 

A general report on the position of the physics of the nucleus was 
given by C. D Ellis in Nature, Vol. 129, p. 674 (1932), being a report of a 
Royal ^ciety Symposium held on April 28th, 1932. 

According to the very plausible theory of Kossel (Naturwissenschaften, 
19^9. PP- 339 » 3 bo), the normal number of electrons in the outside shell of 
lithium is 8 , corresponding perhaps to the number of comers of a cube, 
but perhaps again based on another reason (see p. 190). If now an alkali 
metal atom, say sodium for example, having only one electron on its out- 
side shell, meets a halogen atom, say chlorine, which has seven there, the 
outside electron of sodium passes over to the outside shell of chlorine, 
making this into a noble gas shell (with 8 electrons, therefore saturated and 
incapable of further combination). This theory gives an excellent ex- 
planation of what are called ‘heteropolar' compounds (those easily dis- 
sociated electrolytically) but fails in the case of 'homopolar,' such as water. 
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the carbon chains of organic chemistry, etc. The new wave mechanics 
(p. 185) has, here also, opened up many hew possibilities. 

Pot works on Relativity, see Author's Bibliography, which contains 
many translated works; and the Supplementary Bibliography, containing 
original works in English. 

Further material regarding the experimental confirmation of the 
theory of relativity, in particular, regarding the 'Ether wind/ is to be 
found in the books cited in the last Note. 

7 « If the motion of the two systems with respect to one another takes 
place in the X direction, and ii the origins ol co-ordinate coincide at the 
time t — t' = Of the system of equations in question, the so-called Lorentz 

r . . . , . . . X - vt , / - px/c 

transformation, is given by y' —y, z' = z, x — ^ 

In the last two equations we have the well-known paradoxes. But 
we may refer here particularly to a further point which is rarely men- 
tioned in popular accounts of the relativity theory. When applied to the 
fundamental MaxM^ell-Lorentz equations (pp. 1131!), the Lorentz trans- 
formation gives the curious consequence, that the electro-dynamic (electro- 
magnetic) and the electro-static phenomena likewise appear only as dif- 
ferences of standpoint. W hat appears as an elet tro-static fiehl to an 
observer moving with the electnc charges considered, and relatively at rest 
with them, appears to a stationary observer (or one moving relatively to 
the charges) as an electro-magnetic field. The coupling of the two field 
vectors (the electrical and magnetic force), which remained incompre- 
hensible from the |X)int of view of the al>solule theorv and the etlier 
hypothesis, here appears, therefore, as conditioned by the purely kinetic 
transformation. Magnetism is not produced by moving eleclruity, it i.s 
electricity moving relatively to the observer, if we may formulate tlie 
result somewhat inexa<.tlv, but in a manner more easily comprehc nded. 
Co?:verseIv, the so-called 'indmed electric voltage' identical with the 
motion of the magnetic field, whith, according to the oM theorv. cause<l it. 

7 * The Minkowski worM l>eromes eiiclitlian, if we intrcxluce instead of I. 
the imaginaiy co-ordinate ett Tins makes all calculations much easier to 
grasp. 

In his famous thesis at Gottingen, 1854, republished recently In 
H. Weyl (Berhn. 1921). 

See Bavink, Hauptfragen der Saturphil. I, pp 15. 53 (licrlin, 1928). 

•* Dingier, Das Experiment (Munich, 1928). See also Note 76. 

Speaking more generally, we can say that the state of the world at tw'o 
different points of time must be given. In a special ca.se, these might lie 
infinitely close together, and this then amounts to our lx*ing given, not 
only the distnbuUon of the quaiitilies defining the state in space at this 
one moment, but also their differential co-cfficients with res|H*cl to time 
(m I^placc's case, therefore, the com|>c)nenls of the velocities) The (jues- 
tion as to what takes the place of this rc<iuirement in Minkowski's four- 
dimensional world, has received little discussion. See Carnap's essay, 
mentioned on p. 151. 

Cf. F. Klein, Vorlesungen Uber Differentiaigeometne (Leipzig, 1907)- 
or any text-book of the Differential Calculus. 

Cf. M. Schlick, 'Naturphilosophische f^trachtungen (llx?r das Katisal* 
prinztp' (Naiurmssenscha/ten, 1920, p. 401); also Gerharcls. see Note 153. 
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The special theory of relativity does not make any essential altera- 
tion, but only makes the choice of the / axis arbitrary. 

Reichenbach, Philosophic der Raum-Zeit-Lehre (Berlin, 1929): also 
‘Die Kausalstruktur der Welt/ Sitz,-Bey. dev hayv. Akad., Munich, 1925. 

The calculation of the apparent increase in mass due to electric charge 
is to be found in O. W. Richardson's The Electric Theory oj Matter (Cam- 
bridge, 1916), pp. 228 ff. 

In the calculation ior more rapid motion, the difterence between longi- 
tudinal and transverse mass must be taken more exactly into account. 
See Richardson, Note 88 , p. 231. 

Lenard maintains, it is true, that on the basis of his theory of a primal 
ether, the observations also follow from an absolute theory. See P. 
Lenard, Oder Relativitdtsprinzip , Aether, Gravitation (Leipzig, 1920). 

The most important of these are the Doppler effect, the aberration of 
the fixed stars, and Fizeau’s light-drag experiment. The apparent con- 
tradiction between the latter and the experiment of Michelson and Morley 
illustrates especially clearly the dilemma in which physics found itself 
before Einstein's time. See also Note 78. 

See Sominerfeld, Atomic Structure and Spectral Lines, trans. by 
H. L. Bro.se (London, 1923). The opponents of the relativity theoiy' deny, 
it i.s true, that the determinations of Sommerfeld's fine-structure constant 
really gave the value required by the relativity theor\\ Gchrcke and Lau 
(Ann, d. Ph., 1922. p. 388) claimed, on the contrary, to hav^e obtained the 
very value demanded by the absolute theorv*; in the case of the hydrogen 
spectrum, the ratio between the two being 4:5. But investigations by 
Lcnnan, Janicki, and others gave different values again, and Paschen 
finally showed that the hydrogen spectrum is for certain reasons unsuitable 
for an exact decision of this question. It must therefore be regarded for 
the present as unsettled. 

According to Sceliger, the phenomenon can be explained by a ring of 
cosmic dust which is aKo respon.sible for the Zodiacal light. Before 
Einstein, Gerl>or and Ritz liad already attempted to deduce the motion 
of the jx»nhehon in another way. But compare here, for example, v'on 
Laue (Saturuissenschaftcn, 1920, No. 37). 

The most recent results have again giv’en deviations from the theo- 
retical Einstein value. 

For further details see Gehrcke, ib. p. 75. 

Zextschr. f. Ph., V'ol. 1, p. 51. Saturunssenschaften, 1919. P- 629. 

The companion of Sinus has a much lower bnghtness than the main 
star, and mus^ therefore, since it belongs otherwise to the same spectral 
type, have a much smaller surface. Since its mass can be calculated from 
the period of rotation, wc apparently get for it an enormous density, which 
Eddington estimated at 50,000 times that of water. In order to make 
this comprehensible, Eddington took refuge in the hv’pothesis, that at this 
density the atomic nuclei arc packed closely together without electron 
rings. The fairly large red displacement was thus not to be interpreted as 
a Doppler effect, but as an Einstein effect, ver>' large on account of the 
enormous gravitational field. But Anding of Gotha has recently given a 
quite different and very plausible interpretation by supposing the com- 
panion to be itself a double star. The most recent observ^ations of Ennis, 
of Johannesburg, and of van der Bios seemed to confirm this interpretation 
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with fair certainty, since they have actually seen the companion as a double 
star. There are naturally very serious objections to be brought against the 
assumption of a density of 50,000. 

A report on the present position was given by P. S. Epstein in Natur- 
wissenchaften, 1929, p. 923. A conference recently took place between the 
investigators concerned. Miller, Lorentz, and Michelson, in Pasadena, at 
which all the pros and cons were debated. The result, regarding which 
Epstein reports as above, is not very encouraging to Miller's point of view. 

•• Courvoisier's papers appeared as follows: Astr, Nachr,, 1926, 226, 
p. 242; 1927, 230, p. 428; 1928, 234, p. 138. Shorter accounts in Phys. ZS., 
1927, p. 674, and ZS, f. Geoph,, 1928, 2, p. 49. This work is to be taken 
with great caution at present. 

For this reason success was obtained on the basis of the old mechan- 
istic and formalistic theories by Ketteler and Helmholtz, and later, using 
the electron theory, by Drude. 

The elementary mathematics of the Zeemann effect will be found in 
A. Haas, Introduction to Theoretical Physics, and in most larger text-books of 
ph3rsics. See also G. Birtwistle, The New Quantum Mechanics (Cambridge, 
1928). 

The classical work on the subject is Voigt's Magneto- und Elektrooptik 
(Leipzig, 1908). 

1®* The measurements of the wave lengths of X-rays have been brought 
to extraordinary accuracy, especially by the Swedish physicist Siegbahn, 
so that they can be given to-day almost as exactly as optical wave lengths 
(which are accurate to 7 figures). Quite recently, one of Siegbahn *s pupils, 
Baecklin, has worked out a method of precision, which allows X-rays to 
be measured directly with ordinary gratings (Naturwissenschaften, 1929, 
No. 12, p. 201). The values obtain^ agree almost exactly with those cal- 
culated from crystal experiments. For the latter calculation we need to 
know the Loschmidt number, since we must use it to deduce the constant of 
the crystal grating. Conversely, the Baecklin experiment gives a new 
value for this number, and hence also for the elementary electric charge. 
These being N * 26.94 trillions, and e * 4.793 x lo-i® (instead of the 
Millikan value, seep. 131). This gives forthe Planck quantum, h — 6.591 x 


1®® The law has the form S\ « — » where Ci « Sir ch, C2 •* ch/k 

and 3/2A is the amount, easily calculated from the Loschmidt number, by 
which the energy of a monatomic, ideal gas molecule is increased when the 
temperature rises by one degree. See Valentiner, Die Grundlagen der 
Quantentheorie (2nd ed.) and F. Reiche (Berlin, 1921), The Quantum Theory, 
trans. by H. S. Hatfield and H. L. Brose (London, 1930). A. Berthond, 
The New Theories of Matter and the Atom, trans. by E. and C. Paul (London, 
1924), gives a fairly full, non -mathematical account of the whole subject. 
A complete account will be found excellently given in A. Haas, Theoretical 
Physics, trans. by T. Verschoyle (London, 1924). 

1®* The chief point here is the thermal behaviour of substances in the 
neighbourhood of absolute zero. Specific heats become smaller and 
smaller as we approach it, the Law of Dulong and Petit, which is easily 
derived from the classical theory (see p. 84 and Note 55), thus ceases to 
hold, and we must apply Nemst's heat theorem, or the 'Third Law of 
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Thermodynamics*: The specific heat of all bodies approaches the value 
zero at the absolute zero of temperature. From this follows the practical 
impossibility of reaching absolute zero (it can only be approached asympto- 
tically). See Vortfdgen iiber die Kinetische Theorie der Materie, by 
Planck. Debye, Nemst, etc. (Leipzig, 1914); A. Haas, Quantum Chemistry, 
trans. by L. W. Clodd (London, 1930). Any full-len^h modem text-book 
of Physical Chemistry deals with this matter. 

106 xhe elementary calculation of the relatively fine structure will be 
found in The Atom and the Bohr Theory of its Structure, by H. A. Kramers 
and H. Holst (London, 1923). The full theory will be found in A, Sommer- 
feld, Atomic Structure and Spectral Lines, trans. by H. L. Brose (London, 

1923). 

1®® Bohr*s theory of the Periodic System will be found in the book by 
Kramers and Holst, Note 105. 

Bohr*s arrangement is given in the accompan3dng figure 87. 



Concerning the maximum possible number of chemical elements, see 
V. V. Narhker, Nature, Vol. 129, p. 402, 1932. 

1®’ An easily understood statement of the deduction of the law of 
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refraction for Einstein’s emission theory will be found in an article by 
Flamm, *Die neue Mechanik/ Naturwissenschaften, 1927, p. 569. 

108 New methods for determining h from Rontgen spectra are to be 
found in A. H. Compton, X-Rays and Electrons (New York, 1926). 

Dempster, Phys. Rev, 30, 644. 

For the Compton effect see Andrade’s Structure of the Atom, pp. 688 ff.; 
A. H. Compton, X-Rays and Electrons (New York, 1926); (most elementary) 
C. G. Darwin, The New Conceptions of Matter (London, 1931). 

Bohr’s condition in terms of wave mechanics is explained in A. Haas, 
Wave Mechanics, Ch. viii; A. Sommerfeld, Wave Mechanics, pp. 69 ff. 

Kikuchi's work on the diffraction of electrons is given in C. G. 
Darwin’s book, see next Note. 

See also G. P. Thomson’s Royal Institution Lecture, 'Electron Optics,’ 
reported in Nature, Vol. 129, p. 81 (1932). 

113 An account of these recent wave mechanics theories is given in 
C. G. Darwin’s The New Conceptions of Matter (London, 1931). This is a 
book which assumes practically no previous knowledge of physics. The 
advanced student may be referred to the books on wave mechanics by 
Schrodinger, De Broglie, and G. P. Thomson, all published in 1931, and to 
J. J. Thomson’s Beyond the Electron (Cambridge, 1931); G. Birtwistle, 
The New Quantum Mechanics (Cambridge, 1928); A. Haas, Wave Mechanics 
and the New Quantum Theory, trans. by L. W. Clodd (London, 1928); 
P. A. M. Dirac, The Principles of Quantum Mechanics (Oxford, 1930); F. A. 
Lindemann, The Physical Significance of the Quantum Theory (Oxford, 1932); 
Heisenberg, The Physical Principles of the Quantum Theory (Cambridge, 

1930)- 

11* For the harmonic analysis of sound see Harvey Fletcher, Speech 
and Hearing (London, 1929). 

113 See for example Jordan, Naturwissenschaften, 1927, p. 105. 

113 An explanation of Bohr’s conditions by means of the ‘spinning 
electron’ is given in G. Birtwistle’s Quantum Mechanics (see Note 113). 

See C. G. Darwin, The New Conceptions of Matter, and re ‘neutron,’ Note 1 19. 

117 An account of Sommerfeld ’s electron theory of metals is given in an 
article by R. H. Fowler in Nature, Vol. 126, p. 61 1 (1930). See also J. C. 
McLennan, Nature, Vol. 129, p. 959 (1932). 

ii« Gamov, ZS.f. Ph. 53, 601; Gurney, Phys. Rev. 33, 122, 127. 

11® Bothe and Kolhorster, 'Die Natur der Hohenstrahlung,’ Natur- 
wissenschaften, 1929, No. 17, p. 271. Against this view Das, ib., 1929, 
No. 17, p. 543; Holmes, Nature, 123, 943 (who expresses the same doubts 
as the author). For a general discussion on cosmic radiation (Royal 
Society, May 14th, 1931) see Nature, Vol. 127, p. 859 (1931)- See also ib., 
H. Geiger’s article, p. 785, and R. A. Millikan’s, p. 167. See also J. H. 
Jeans, ‘The Annihilation of Matter,’ Nature, Vol. 128, p. 103 (1931). which 
deals with nature and origin of cosmic radiation, and also the expansion of 
the universe. 

The existence of the neutron is now regarded as assured by the work of 
J. Chadwick (Nature, Vol. 129, pp. 129, 312); Proceedings of the Royal 
Society, A, Vol. 136, p. 693; N. Feather, 'Artificial Disintegration by 
Neutrons,’ Nature, Vol. 130, p. 237, 1932; and Proc. Royal Soc., June 1932. 
See also Discovery, Vol. xiii, p. 139 (1932). 
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1*® Estermann and Stem have recently obtained undoubted and clear 
interference pictures with positive rays (H and He) with LiF plates, in 
quantitative agreement with De Broglie’s theory. 

Naturwissenschaften, 1928, No. 51, p. 1094 (Perles relationship). 

122 Eddington, Proc, Roy. Soc. Lond. 122, 358. 

128 Fiirth, Naturwissenschaften, 1929, p. 688. See also Dirac’s new 
attempt at explanation, Proc. Roy. Soc. Lond. 126, 360. 

12* Sommerfeld, Planckheft der Naturwissenschaften, 1929. 

126 Innumerable attempts in this direction have been made, e.g. Reichen- 
bacher, ZS.f. Ph. 58, 402. 

126 Reichenbach has also arrived at quite a similar result (Relativitdts- 
theorie und Erkenntnis a priori), although from another point of view; my 
standpoint is almost that of Bohr (Naturwissenschaften, 1930, No. 4); 
I recommend this profound address to the very special notice of the reader. 

127 Critique of Pure Reason: 'A philosopher was asked: How much does 
the smoke weigh ? He answered: Deduct from the weight of the burnt 
wood, the weight of the ash and that gives you the weight of the smoke.’ 
Here Kant naturally makes a chemical mistake; he did not know that the 
weight of the smoke also includes the weight of oxygen necessary for com- 
bustion. The correct form is: Weight of the smoke is equal to weight of the 
wood, plus weight of oxygen minus weight of ash. But this is of no 
importance for the present problem. 

128 Compare the references given in Notes 113 and 115, particularly the 
little book by Haas. 

120 This is also probably the essential sense of Weyl’s words quoted in the 
former editions of this book: ’Physics is not at all concerned with the 
material content of reality; what forms the subject of its knowledge is 
simply a formal view or statement of it. . . . If it was the folly of the schol- 
astic methods to wish to deduce real existence from purely formal premises, 
the philosophy which is called materialism is only a variety of scholas- 
ticism.’ The objections which I raised elsewhere to this remark of Weyl’s 
at the close of his book Space, Time and Matter, are not yet quite answered 
to my satisfaction, but I can the more readily lay them aside, since, as is 
shown further on in the text, the danger that mere formalism might sup- 
press justifiable questions of existence has become less. Weyl’s words are 
correct, as far as they refer to the last things of physical knowledge 
(see p. 203). 

16 ® Titius, Natur und Gott, Gottingen, 1926, p. 577. I take this oppor- 
tunity of recommending this excellent b^k, which gives an extremely 
good description of the whole body of present-day science, and follows 
quite other roads than those previously taken by theological writers. 

161 This idea is also to be found in *t)ber ein neues Grundgesetz, usw.’ 
(Leipzig, 1921, Ahh. d. sdchs.Akad. 38, 4.) 

16 * The fact that simple validity is a form of being, as much as the 
existence of the world of bodies, which is usually regarded as the only form 
of being, has been very clearly shown by the more recent Gegenstands- 
theorie. 

See, for example, Al. Miiller’s extremely clear statement in Der Gegen- 
stand der Mathematik mit besonderer Beziehung zur Relativitdtstheorie 
(Braunschweig, 1922). 

Rrs 
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1** Schottky, *Das Kausalproblem der Quantentheorie,* Naturwissen- 
schaften, 1921, Nos. 25, 26. Nemst, « 2 >., 1922, No. 21. Jordan, »6., 1927, 
No. 5. 

IS* Planck's A Survey of Physics, translated by R. Jones and D. H. 
Williams (London, 1925), Naturwissenschaften, 1926, No. 13, pp. 249, 255. 
Quite recently, Planck has maintained humorously against Schrddinger, 
that his theory is deterministic (on the occasion of Schrodinger's admission 
to the Berlin Academy). See Naturwissenschaften, 1929, No. 37, p. 733. 
Schrodinger himself, on the other hand, has recently quite definitely ex- 
pressed his adherence to the opinions of Heisenberg and Jordan. See his 
Inaugural Address, Naturwissenschaften, 1929, No. i, 'Was ist ein Natur- 
gesetz ?' 

iss Bom, Naturwissenschaften, 1929. No. 7. This is a reply to Riezler's 
essay on 'Die Krise der Wirklichkeit' in 1928, Nos. 37, 38. The reader is 
also referred again to Bohr's essay mentioned in Note 126. 

136 See Mahncke, Leibniz und Goethe in der Harmonic ihrer Weltansichten 
(Erfurt, 1925). 

137 Sommerfeld, Naturwissenschaften, 1924, p. 1047. Franklin, Science, 
60, 258. 

138 Reichenbach, ZS, /, Phys, 53, Nos. 3 and 4 ('Stetige Wahrschein- 
lichkeitsfolgen'); also ZS. f. Ang, Chemte, 1929, No. 19, p. 457 (‘Das 
Kausalproblem in der gegenwartigen Physik'). The first named paper 
contains a new, original, and very fertile formation of mathematical con- 
cepts, which is as well adapted to the new facts of 'continuous succession of 
probabilities,' as the ordinary calculus to causal successions. Space for- 
bids entering into it here, but its importance is emphasised. 

138 A. Haas, Wave Mechanics and the New Quantum Theory, trans. by 
L. W. Clodd (London, 1928). See also C. G. Darwin, The Uncertainty 
Principle in Modem Physics,' Nature,Vo\, 129, p. 746 (1932); A. Eddington, 
‘The Decline of Determinism,' Nature, Vol. 129, p. 333 (1932); Bohr, 
Naturwissenschaften, 1930, No. 4; De Broglie (see Note iii). The limit 
of accuracy is h /2t. 

140 Haas, ib. (Note 139), p. 102. 

1*1 See Note 113. 

1*® Cf. Planck, Note 134. 

1*3 See Note 134. 

1** See Note 135. 

1*3 See Note 138. 

1*8 This is the subject of a work by H. Bergmann, Der Kampf um das 
Kausalgesetz in der jungsten Physik (Braunschweig, 1929). But I regard 
it as too closely adhering to Kantian apriorism. 

1*7 This is actually done by Jordan in the article mentioned in Note 113, 
and by other positivists recently. 

1*8 Naturwissenschaften, 1929, No. 3. 

1*8 See especially Bom, Note 135. 

138 Dingier, Grundlagen der Naturphilosophie (Leipzig, I9i3)» 

131 Chwolson's lecture has been published by Engelmann, and also, as 
regards its essential points, in the journal of the Keplerbund, Unsere Welt, 
Feb. 1911. Poincar^, Derniires Pensies (Paris, 1913). 



NOTES 627 

Haas, 'Die Axiomatik der Modemen Physik/ Naturwissenschaften, 
1919. P- 744- Also ib., 1920, p. 121. 

Cf . particularly M. Schlick, ‘Naturphilosophische Betrachtungen fiber 
das Kausalprinzip/ Naturwissenschaften, 1920, p. 461. Also Gerhards, see 
Note 163. 

The Category of ‘Order’ appears to me - as opposed to Kant, but in 
agreement, for example, with Driesch - as the last and only remaining 
category of natural-scientific knowledge, but it has not only immanent 
(phenomenal), but also transcendental validity. See my Hauptfvagen det 
heutigen N aturphilosophie (Berlin, 1928), Vol. i, p. 35; also this book, 
PP- 233 ff- 

Bohr, Naturwissenschaften, 1928, p. 245; ib., 1929, p. 483. 

Likewise Reichenbach, ib., Note 138. 

Planck, Naturwissenschaften, 1926, p. 249; Bohr, ib., 1929, p. 245; 
ib., 1930, p. 73. Riezler, ib.. Note 135. 

Cf. Bavink, ib.. Note 40. 

Carnap, Physikalische Begriffsbildung (Karlsruhe, 1926). 

This procedure is adopted, for example, by Pohl in his well-known and 
excellent Einfuhrung in die Elektrizitdlslehre (Berlin, 1929). I cannot 
follow him. If current strength *== the reading of an instrument made at 
X’s factory in Y, science ceases to be more than the mere tool of a handi- 
craft. 

This is what I was told, as a student, in Felix Klein’s lectures on 
differential geometry. 

162 Volkmann, Erh. Grundziige der N aturwissenschaft (Leipzig, 1896). 
Galileo spoke of ‘resolutive and compositive methods.’ Cf. Frost, Bacon 
und die N aturphilosophie, see Note 27. 

E. Zilsel, Das Anwendungsproblem (Leipzig, 1916), pp. 103 and 169. 
An excellent statement of the same fundamental idea is found in W. 
Kohler's Gestalt Psychology (London, 1930), a book to which we shall refer 
later in another connection. See further Emil Muller, Bedeutung und 
Wert mathematischer Erkenntnisse (Vienna, 1917); H. Dingier, Die Grund- 
lagen der Physik (Berlin, 1919); E. Gehrcke, Physik in der Erkenntnis- 
theorie (Leipzig, 1921); Gerhards, ‘Der mathematische Kem der Aussen- 
weltshypothese, ’ Naturwissenschaften, 1922, Nos. 17, 18. 

1®® Meinong, Die Erfahrungsgrundlagen unseres Wissens (Berlin). 

1®® This view is maintained, for example, by Ph. Frank of Prague, in the 
essay -- referred to in the text at great length further on (p. 217) - in Natur- 
wissenschaften, 1929, p. 971, which is a reprint of a lecture given at a 
meeting of physicists in Prague in the previous year. This lecture was 
obviously in Sommerf eld’s mind when attacking pragmatism. 

1®® See Wissenschaftliche W eltauffassung - Der Wiener Kreis - VeroffenU 
lichungen dies Vereins Ernst Mach (Vienna, 1929). 

1®’ I refer once again to the profound statement of the ‘forms of being’ of 
the various ‘kinds of objects’ {Gegenstandsarten) in Alois Muller’s Einleitung 
in die Philosophic (Bonn, 1925). 

i®« Carnap, Kantstudien, 1923, No. 28. 

iM Typical examples of the formation of such ‘divergent’ theories are 
Stahl’s phlogiston, ^rzelius’s electrochemistry. Black’s material theory of 
heat, and others. 



628 


NOTES 


Concerning critical realism and its foundations see Eduard von 
Hartmann, Das Grundproblem der Erkenntnisiheofie and Kritische Grund- 
legung des transzendentalen Realismus (Leipzig, 1889 and 1875); Kiilpe, Die 
Realisierung (Leipzig, 1912 and 1920); Einleitung in die Philosophie, 
edited by A. Messer, 19th ed.; A. Messer, Der kritische Realismus (Karls- 
ruhe, 1923); E. Becher, 'Naturphilosophie* in Kultur der Gegenwart (Leipzig, 
1914); EinfUhrung in die Philosophie (Munich, 1926); Bavink, Hauptfragen 
der heuiigen Naturphilosophie, Vol. i (Berlin, 1928). 

See the two works referred to in Note 170. 

The same. 

Bavink, Kantstudien, 1927. Nos. 2 and 3. 

174 Driesch, Ordnungslehre (Jena). 

176 Wintemitz, see Note 72. 

176 Bavink, see Note 154. 

177 See Note 166. 


PART II 

178 E. Becher, Geisteswissenschaften und Naturwissensckaften (Munich, 
1921). 

179 W7e may put forward, as a fourth law, that of the indestructibility of 
quantity of electricity, and as a fifth Nemst’s heat theorem (unattainability 
of absolute zero, see p. 78). For the present, however, nothing can be 
done with these in cosmology. Besides, it is fairly certain that the first of 
these laws is included, with those of energy and mass, in a 'substance law.' 

180 A thorough discussion of the whole question is to be found in Schnip- 
penkotter’s Der entropologische Gottesheweis, die Geschichte etner apolo- 
getischen Irrung (Bonn, 1920). This also gives the whole literature. 'The 
End of the World from the Standpoint of Mathematical Physics,* by A. 
Eddington, Nature, Vol. 127, p. 447, deals with entropy, and also with the 
Uncertainty principle. E. N. da C. Andrade, The Mechanism of Nature 
(London, 1930) deals wdth entropy. 

181 See L. V. Bertalanfify, 'Leben und Energetik,’ Unsere Welt, 1929, 8. 

182 The work of Einstein and de Sitter is to be found in Sitzungsberichte 
der preuss, Akad,, 1917, 6, and Amsterdam, Proc., 1917, Vol. 19, p. 527. 
The question of the shape of the universe and its limits is discussed in the 
following: Nature, Vol. 128, p. 699 (1931), art., 'The Evolution of the 
Universe,* discussion by J. Jeans, G. LemaStre, W. de Sitter, A. Eddington, 
R. A. Millikan, E. A. Milne, J. C. Smuts, E. W. Barnes, O. Lodge (all, of 
course, authorities in this field). See later, A. Eddington, 'The Expanding 
Universe,* Nature, Vol. 129, p. 421 (1932), a report of a Royal Institution 
lecture in which he gives his own theory of development, and of the rela- 
tion between the cosmic constant and world curvature. Also E. A. Milne, 
‘The Expansion of the Universe,* Nature, Vol. 130, p. 9 (1932); J. H. 
Jeans, 'The Annihilation of Matter,* Nature, Vol. 128, p. 103 (1931)- 

See further: M. Planck, The Universe in the Light of Modern Physics 
(London, 1931); A. Eddington, The Nature of the Physical World (Cam- 
bridge, 1928); and more popular, J. H. Jeans, The Universe Around Us 
(Cambridge, 1929), and The Mysterious Universe (Cambridge, 1930). 

188 Weyl, Space, Time, and Matter. See also Wintemitz, Note 64. 
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This point, in my opinion, gives the only possible starting point for 
a fresh discussion of the problem of the freedom of the will, both human and 
Divine. In most discussions, the usual concept of time is simply assumed. 
The question is asked whether Man or God could, at a given time, deter- 
mine the course of world happening one way or another. This statement 
of the question is wrong from the start, as soon as we have realised that 
time possesses metaphysical reality neither from the subjective point of 
view (taken as epistemologically phenomenal) nor from the objective 
point of view; reality belongs only to that order of things which, projected 
in the 'time-like* direction, appears to us as time, in the ‘space-like,* as 
space. Before the question can be discussed at all, it must first be trans- 
lated, so to speak, into Minkowski's language. But then it obviously 
coincides with the problems of the contingency of the world, discussed on 
pp. loi, 214, 534, and also with the psychophysical problem (see pp. 404, 
531). No one acquainted with the matter will maintain that the problem 
has hitherto found a satisfactory solution. Determinism fails to explain 
the feeling of freedom or voluntariness which accompanies all conscious 
actions of the will, while indeterminism is baffled by the unambiguity of 
physical causal connections, which are a matter of experience (see pp. 208, 
535). The whole decidedly gives the impression of an intrinsically false 
statement of problem. But I do not feel capable of attempting a solution 
of the problem. 

184 a I only became acquainted after this book was in the press with the 
recent monumental work of Hermann Friedmann, Die Welt der Formen 
(Munich, 1930), which develops the 'system of morphological idealism' to 
a point of perfection which seems like a revelation in our time, until re- 
cently so hostile to metaphysics. I do not hesitate to rank this book along 
with the greatest achievements in the history of philosophy, such as 
Lotze's Microcosmus (London, 1886), Ed. v. Hartmann's Philosophy of the 
Unconscious (London, 1931), Schopenhauer's World as Will and Idea 
(London, 1 883-6) , etc. Friedmann's starting point is the contrast between 
the sense of touch and that of sight, and correspondingly, metrical and pro- 
jective geometry (or geometry of position). He wishes, to put the matter 
shortly, to show that the reality concept of mechanistic materialism de- 
pends upon the one-sided notion that only that is ‘real* which can be ex- 
pressed in the language of the sense of touch ('haptically,' as Friedmann 
puts it). In truth, the domain of sight and hearing (the optical-acoustical) 
are much richer; it is in no way possible to translate everything existing 
in the latter domain into the language of touch, whereas every statement 
in the latter domain can be 'transformed' into one of the former. But 
'optics' gives us only the qualities of form (Gestalt) as a primary experience, 
and the haptic-metrical must be derived from it by talang apart (analysis) . 
From this point of view Friedmann then undertakes a truly magnificent 
synthesis of our whole knowledge, from mathematics and physics to art and 
religion, and one is again and again amazed at his fabulous grasp of the 
vast field of knowledge over which he ranges. I have only one objection 
to the book: the author does not do complete justice to the achievements of 
'mechanism' in biology, and to some extent even in physics. Here - par- 
ticularly in relation to Mendelism and allied matters - his feeling, no doubt 
originating in art, for the primacy of the form (Gestalt) over the elements 
(cf. Goethe's remark concerning Teilen in der Hand) carries him away to 
some extent. It is possible to hold on to this p)oint of view even if one has 
a higher opinion of these investigations than Friedmann has. Generally, 
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one may describe the book as a revival, on the plane of modem knowledge, 
of Plato's work, 

18 * For recent views on the shape and structure of our universe of fixed 
stars, the reader is referred to Note 182, and also to J. H. Jeans, ‘Beyond 
the Milky Way,' Nature, Vol. 128, p. 825 (1931); RusseU, Dugan, and 
Stewart, Astronomy (London, 1926). 

Shapley's theory, and his work on the problem of the 5 Cepheids, will be 
found in the Harvard Astronomical Bulletin, 841, 861, 876, 881, etc. See 
also Eddington's article, ‘Star,' in Ency, Britt., 14th ed. 

18 ® Hagen, Naiurwissenschaften, 1921, p. 935. 

187 Nemst, Das Weltgebaude im Lichte der neueren Forschung (Berlin, 

1922) ; Eddington, Stars and Atoms (Oxford, 1927). 

Recent articles on these matters, see Note 182; also H. Dingle, Modem 
Astrophysics (London, 1927); F. J. M. Stratton, Astronomical Physics 
(London, 1925). 

1*8 A. Kilhl, Naiurwissenschaften, 1924, p. 1126. Recent discussion in 
English concerning the Martian canals will be found in Popular A stronomy. 
See also: Percival Lowell, Mars and its Canals (New York, 1911); 
Trumpler, ‘Observations of Mars,' Lick Ohs. Bull., Vol. 13, p. 19. 

189 A. R. Wallace, Man*s Place in the Universe, 4th and enlarged ed. 
(London, 1904). 

190 Dds Problem der Entwicklung unseres Planetensy stems (2nd ed., 
Berlin, 1921). See references in Notes 182, 186 for theories of the develop- 
ment of our planetary system; also J. H. Jeans's Astronomy and Cosmogony 
(Cambridge, 1928). 

191 Riem, Unsere Welt, 1924, No. i. 

192 See references in Note 187. 

198 For the Russell diagram, see Dingle, or Stratton, Note 187; Russell, 
Dugan, and Stewart, Astronomy (London, 1927); H. N. Russell's article, 
‘Stellar Evolution,' Ency. Britt., 14th ed. 

19 ® E. A. Milne, ‘Stellar Structure and the Origin of Stellar Energy,' 
Nature, Vol. 127, p. 16; J. H. Jeans, ‘Beyond the Milky Way,' Nature, 
Vol. 128, p. 825 (1931)- 
198 Nemst, see Note 183. 

198 Scientia, Dec. 1928. 

19 ’ Holmes, Phil. Mag., 1928, i, 1055, considers that the most tmst- 
worthy method is the calculation from the lead content of uranium 
miner^s. For pegmatite from the middle of the Precambrian he found 
about a milliard years. See H. Jeffreys, The Earth (Cambridge, 1929); 
A. Holmes, The Age of the Earth (^nn's Sixpenny series). 

198 Concerning Wegener's continental theory see his Origin of Continents 
and Oceans (London, 1924). See also Naiurwissenschaften, 1924, p. 34; 
1925, pp. 77, 84, 669; 1929, p. 743. 

English works on geology and palaeontology: J. Joly, The Surface History 
of the Earth (Oxford, 1925); A. Morley Davies, Introduction to Palaeon- 
tology (London, 1923); A. H.Swinnerton, Outline of Palaeontology (London, 

1923) ; also H. G. Wells, Outline of History (London, 1930), and Wells 
and Huxley, The Science of Life (London, 1929). 

199 See Note 14. See also the references given in the previous two Notes, 
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Wegener's theory makes certain assumptions concerning the nature of the 
earth's interior. 

See H. Jeffreys, The Earth, its Origin, History, and Physical Constitution 
(London, 1924); A Holmes, The Age of the Earth (Benn's Sixpenny Library). 

2®® M'Lennan and Shrum, in 1925, produced the green line by means of 
a discharge through a mixture of oxygen and helium or neon. See 
M'Lennan, Proceedings of the Royal Institution, 1926. 

*01 Recent investigation concerning the state of the upper atmosphere 
will be found in articles by W. J. Humphreys, 'The Atmosphere: Origin 
and Composition,' Scientific Monthly, 1927; Scientific American, 1928; also 
in N. Shaw's Manual of Meteorology (Cambridge, 1926-30). 

2®2 A short account of the modem 'Polar Front' theory will be found in 
Napier Shaw's Manual of Meteorology, Vol. ii, pp. 422 ff. See also the 
same author's The Air and its Ways (Cambridge, 1923). 

*®® An account of astrology from the historical and critical point of view 
in T. O. Wedel’s The Mediaeval Attitude towards Astrology (Yale, 1920). 

204 Xhe fact that so modem a scientist as Dacqu6 fails to apply this 
criticism, and even breaks a lance (Natur und Seele, Munich) for the 
reality of astrological superstition, is one of the worst of the many follies 
which characterise our times. Unfortunately, Verweyen has quite re- 
cently joined him. 


PART III 

206 Investigations concerning the chemical complexity of the various 
constituents of cytoplasm have been made by, among others, the famous 
physiologist Abderhalden. If we assume with Emil Fischer that the 
proteins are built up from amino-acids, of which we know to-day more 
than 20, we already have an enormous number of possible different sub- 
stances built up from these 20 constituents (when all 20 are employed in 
one molecule, 20*® : 2, when only 19, 18, and so on are employed, the 
numbers are still enormous). See on this point Wells and Huidey, The 
Science of Life, Fox and Ramage (Proc, Roy. Soc. B., Vol. 108, p. 157) 
have shown that iron and copper are both essential constituents of proto- 
plasm, in addition to C, H, O, N, P, S, Na, K, Mg, Ca, and Cl, which are 
already known to be so. 

Concerning vitamins, see Vitamins: A Survey of Present Knowledge, Medical 
Research Council Report, No. 167; Wells and Huxley, The Science of Life, 
pp. 636-9. 

Space does not allow us to enter into the extremely interesting story of 
the discovery of vitamins, the famous explanation of the production of 
antirhachitic Vitamin D from ergosterol by Pohl and Windaus, the dangers 
of the present boom in vitamins, etc. It is not improbable that the 
‘hormones' mentioned later are directly connected chemically with the 
vitamins. 

*®® Concerning the true mechanism of the process of assimilation, see 
later on in the text, p. 311, and also the literature mentioned in Note 214. 

*®7 Concerning the assimilation of nitrogen, see Naturwissenschaften, 
1925, p. 21; 1927, p. 606; 1928, p. 457. 

s®« Plenty of examples in any text-book of organic chemistry. 
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••• Concerning enz3ntnes, see Naiurwissenschaften, 1925, p. 937; 1927, 

p. 585- 

*10 See Colloid and Capillary Chemistry, by H. Freundlich, trans. by 
H. S. Hatfield (London, 1926); Colloid Science applied to Biology, a Faraday 
Society Symposium (London, 1931): J. J. Idoyd, ‘Colloid Structure and its 
Biological Significance,* Biological Reviews, Vol. vii, p. 254 (1932). 

For the synthesis of haemin, see Naiurwissenschaften, 1929, p. 6n. 
See also Physiological Reviews, Vol. x, p. 506, article by Anson and Mirsky. 

*1* Reinke, Grundzilge der Biologic, 1909. 

The work of C. Neuberg and his school has become of fundamental 
importance for the problem of fermentation. See his report in Natur- 
xvissenschaften, 1921, p. 334; 1923, pp. 657, 732; 1925, p. 980. See also 
M. Schoen, The Problem ojf Fermentation (London, 1928); A. Harden, 
Alcoholic Fermentation (London, 1923). 

The problem of assimilation has been solved to a considerable ex- 
tent, but not completely, by Willst&tter and his pupils. See his account 
in Naturwissenschaften, 1925, p. 985; also Klein, ib., 1925, p. 21. 

Byk, 'Die Synthese der Molekularen Asymmetrie,* Naturwissen- 
schaften, 1925, p. 17. 

*1® Against this view see Spek, Naturwissenschaften, 1925, p. 893, who 
goes back to Biitschli’s idea of a simple 'froth structure* for the cytoplasm. 
An excellent account of our present knowledge concerning the extremely 
complicated structure of the interior of the cell will be found in Francd, 
Der Organismus (Munich, 1928). The mere recital of the various struc- 
tural elements, known to us to-day, of ‘simple* cells, takes about a page. 
See also T. R. Parsons, The Fundamentals of Biochemistry (London, 1927); 
W. Seifriz, 'The Structure of Protoplasm,’ Biological Reviews, Vol. iv, 
p. 76 (1929). 

*17 See Weidenreich, Naturwissenschaften, 1923, p. 485, and France's 
book mentioned in the last note. 

*1® The chief means for determining the individual elements of cell 
structure consists in dyeing them with certain organic colouring matters. 
These methods were brought to great perfection particularly by Ehrlich. 
In these investigations Ehrlich also showed that not only dyes, but also 
certain poisons, and medicaments (probably also hormones) are par- 
ticularly strongly held (absorbed) by certain cells. It is on this fact that 
the 'chemo-therapy* of sleeping sickness (atoxyl, etc.) and of syphilis 
(salvarsan) depends. 

*1® See Miehe, Biol, Zbl., 1923, i. But later investigations of the 
d'H^relle phenomenon, discussed further on, allow other possibilities to 
be envisaged. 

See Wells and Huxley, Science of Life (London, 1929), p. 185; H. H. Dale, 
'Biological Nature of the Viruses,* Nature, Vol. 128, p. 537 (1931); ‘Prob- 
lems of Filterable Viruses,' ib., Vol. 129, p. 48 (1932); 'Vitamins and 
Viruses,’ Discovery, xiii, p. 126 (1932). 

**® Molisch, Popular e biologische Vortrdge (Jena, 1920). 

**i An account of the d’H^relle phenomenon will be found in A System 
of Bacteriology in Relation to Medicine, published by the Medical Research 
Council, Vol. vii (London, 1930), where d*H 4 relle*s own ideas are given. 
Bechold’s more cautious views will be found in the Umschau (edited by 
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him), 1930. I have here followed him in essentials, but the important 
practical meaning of the phenomenon does not quite receive full justice. 

*22 Concerning micelle structure of cellulose fibres see Seifriz, Note 216. 
For an original experiment by Koltzoff see BioL ZhL, 1928, 6. 

22* The pseudocrystalline character of organic materials was recently 
proved by F. Rinne in experiments on spermatozoa. The Debye-Scherrer 
method gave clearly marked diffraction pictures {Ber. dev naif. Ges. Frei- 
burg, XXX, I, 2). 

224 See W. Bayliss, Principles of General Physiology (London, 1921). 

*** Since this problem forms the subject of the whole of this part of the 
book, I content myself here with referring to a few recent authors who 
take a similar view: Diirken, Die Haupiprobleme der Biologic (Kempten, 
1925); Ehrenberg, Naturwissenschaften, 1929, p. 777; and particularly 
L. V. Bertalannfy, Kritische Theorie der Formbildung (Jena, 1929), where 
further literature will be found. 

226 In the case of the d’H^relle phenomenon they are of course de- 
pendent upon the presence of bacteria. 

227 Much material will be found in W. Bolsche's well-known book Love- 
Life in Nature, trans. by J. G. A. Skerl (London, 1924), which, however, is 
more imaginative than scientific both in its quite one-sidedly sectionistic 
attempts at explanation, and also in several other directions. 

Other works dealing with the question of sex in organic life are Wells 
and Huxley, The Science of Life; F. A. E. Crew, Genetics of Sexuality in 
Animals (Cambridge, 1927); T. H, Morgan, Heredity and Sex (2nd ed., 
Oxford, 1914). 

228 For this reason the ascaris was used in the title of Goldschmidt's 
excellent popular account of modem experimental biology, A scans, eine 
Einfiihrung in das Wissen vom Leben fiir jedermann (Leipzig, 1922). 

229 Far and away the most material is to be found in W. Roux's journal, 
Archiv fUr Entwicklungsmechanih. We may also refer for a general ac- 
count to Driesch’s Philosophic des Organischen (Leipzig, 4th ed., 1928), 
and also to the books mentioned in Notes 228 and 232. 

230 Hence we now distinguish between regulation eggs and mosaic eggs; 
see for example Bertalannfy, Note 225, where a bibliography will also be 
found. 

231 Leeuwenhoeck (the inventor of the microscope) himself names a 
student at Leyden as discoverer of the spermatozoa. But he undoubtedly 
deserves the credit for having followed up the discovery and made it 
generally known. 

232 An excellent account of some particularly characteristic results in the 
field of regeneration will be found in Koelsch’s V erwandlungen des Lcbens 
(Zurich, 1919), also in Thesing’s Experimentelle Biologic II, from Teubner's 
Collection Natur und Geisteswelt. A fuller account in Driesch, Philoso- 
phic des Organischen; Diirken, Experimental-Zoologie (Berlin, 1919)1 Diirken, 
Experimental Analysis of Development, trans. by H. G. Newth (London, 

1932). 

233 H. Petersen, Archiv fUr Entwicklungsmechanih, Vol. 47, i and 2. 

* 3 ^ Klebs' most important results will be found described in Durken's 
book, Note 232; Klebs' original paper is in Sitzber. d, Heidel. Akad., 1913, 
No. 5. 



NOTES 


634 

1** The literature on transplantation and implantation is of enormous 
extent. I refer the reader to the works mentioned in the previous notes, 
and also to the summaries by Ubisch and Braus, Naturwissenschaften, 
1922, Nos. 12 and 20. Spemann, Archiv fiir Entwicklungsmechanik, 48, i. 
also the following Note. The reader is also referred to Dttrken, Note 

232. 

The redeterminability of the transplanted part does not mean (as has 
recently been shown by the Spemann school: see Bautzmann, Natur- 
wissenschaften, 1929, p. 818, for references) that the cells in question were 
completely indetermined. When transplanted into neutral territory (e.g. 
eye socket, abdominal tissue) they differentiate in a quite definite way 
according to their own inner laws. See Spemann, Naturwissenschaften, 
1924, pp. 65, 1092; 1927, p. 946; 1929, p. 287. See also de Beer, Bio- 
logical Review ^ ii (1927). 

Concerning chimaeras, and the closely related *xenias,' see text-books 
on genetics, Note 242. Also Taiibe, 'Natufw, Wochenschr,, 1922, No. 34; 
Goetzsch, Naturwissenschafien, 1922, Nos. 15, 36, 39, 41; 1923, No. 18. 
Issajew, Biol. Zbl., 1923, 2. The latter seems apparently to have suc- 
ceeded in producing a kind of cross by ‘complantation.* 

Concerning the culture of animal tissues apart from the organism see 
E. N. Willmer, ‘Tissue Culture from the Standpoint of General Physi- 
ology,' Biological Review, iii, p. 271 (1928); T. S. P. Strangeways, Technique 
of Tissue Culture in Vitro (Cambridge, 1924); A. Fischer, Tissue Culture 
(London, 1925). 

Concerning the cancer problem see Reports of the Medical Research 
Council, Cope, Cancer: Civilisation Degeneration', H. J. Paterson, Lectures 
(1925); British Empire Cancer Campaign; Ninth Annual Report, 1932; 
Report of the International Conference on Cancer (Bristol, 1928); Cancer: 
International Contributions in Honour of James Ewing (Philadelphia, 1932); 
Ninth Scientific Report of the Imperial Cancer Research Fund (London, 
1930). 

According to P. Weiss (Naturwissenschaften, 1928, p. 626; Biol. Zbl., 
1929, No. 6) the choice of nerve paths does not take place in the brain or 
spinal cord; a nerve impulse, representing a certain effort of will, is sent 
into all nerve paths, but only received by those nerve endings which are 
adapted to this specific form of excitation (analogy with the reception of 
wireless waves). This hypothesis would somewhat diminish the difficulty 
of the body-soul problem. 

Concerning hormones, also of plants, see Haberlandt, Biol. Zbl., 
1922, 4; Koppanyi, Naturw. Wochenschr., 1922, 42; Soding, Unsere Welt, 
1928, p. 70. The activity of the heart is also regulated, according to 
Loewe (Naturwissenschaften, 1922, p. 52), by a special hormone produced 
in the heart itself. Concerning the chemistry of the hormones see Barger, 
Naturwissenschaften, 1928, p. 940. 

See also C. Lovatt Evans, Recent Advances in Physiology (London, 1930). 
Concerning the male sexual hormone, see Loewe and Voss, Klin. Wochschr., 
1927, ii; and the female sexual hormone, Naturwissenschaften, 1927, 
p. 417; 1928, 946, 952, 1088. 

The latter, 'progynon,' has recently been prepared pure (by Butenandt, see 
Forschungen und Fortschritte, 1930, No. i), also the th)rroid hormone, 
thyroxin. See L. T. Hogben, The Comparative Physiology of Internal 
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Secretion (1927); S. Vincent, Internal Secretion and the Ductless Glands 
(London, 1924). 

*** The regulation of this whole system of interlocked processes is 
probably effected by the 'sympathetic' nerve S3rstem. (Cf. Hansen, 
Naturwissenschaften, 1928, p. 931.) 

*** Concerning the investigation of personality types see Baur-Fischer- 
Lenz, Human Heredity (London, 1931), trans. by E. and C. Paul. 

The fundamental paper by Gurvich appeared in Arch. f. Entw. 
Mech., 1923, Vol. 100. See further Biol. Zbl., 1929, 3, 49; ib., 1929, 7 
(general critical survey), and also the important paper by Stempell, ib., 
1929, 10, According to Reiter and Gabor (Phys. Ber., 1929, 2), the active 
rays have a wave length of about 340 fifi, but according to Frank {Biol. 
Zbl., 1929, 3, 49) 200-240 nfi. More exact determinations by Chariton, 
Frank, and Kannegiesser (Leningrad) gave the most powerful effects at 
206 and 220 fjLfjL {Naturwissenschaften, 1930, 19). It may be mentioned 
here as a curious fact, that the Soviet (^vemment continually interferes 
with and spies upon a man like Gurvich, because he has given an account 
of (not advocated) Driesch's vitalism in his lectures. At the present time 
only atheistic materialism may be taught in Russia, hence vitalism is for- 
bidden. Freedom of thought with a negative sign I (From authentic 
reports which I have received.) 

The presence of photographically active rays was recently demon- 
strated by beautiful experiments with butterflies' wings. 

How far the independent capacity for life of single parts even of 
higher organisms may go in certain circumstances was recently demon- 
strated by the Russian scientist Bryuchenenko, by a rather horrible ex- 
periment performed on the freshly severed head of a dog. 

On the problem of death see Doflein, Das Problem des Todes; Kor- 
schelt, Lebensdauer, A Hern, und Tod (Jena); Wells and Huxley, The Science 
of Life, p. 88; Raymond Pearl, The Biology of Death (Philadelphia and 
London, 1922). 

2^® Steinach's paper is in Archiv f. Entw. Mechanik, Vol. 46, No. 4, 
‘tJber Verjiingung durch Experimentelle Neubelebung der altemden 
Pubertatsdiiise.' Steinach has been very much attacked recently, par- 
ticularly from the medical side. On the other hand, his results have been 
largely confirmed by Harms in Marburg. See also S. Voronoff, Rejuvena- 
tion by Grafting (London, 1925), and The Study of Old Age and my Method 
of Rejuvenation (London, 1928) by the same author. 

General works on heredity in English will be found in the Supple- 
mentary Bibliography at the end of this book. 

Compare Wells and Huxley, The Science of Life. 

Steinach regards the interstitial cells as the seat of the production of 
hormones (see p. 352); they are called by him the glands of puberty; but 
this is regarded with scepticism by other investigators, who look upon the 
genital cells themselves as the producers of hormones. 

It is only quite recently that we have reached a clear understanding 
of the complicated rh5rthm of this maturation of the ova in the human 
female, and its hormonic connection with changes in the mucous mem- 
brane of the uterus. See T. Pryde, Recent Advances in Biochemistry 
(London, 1930). 

*68 Concerning the work of Corrcns see Naturw. Wochschr,, 1922, No, x. 
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On sex determination see R. Goldschmidt, The Mechanism and Physiology 
ofS,D. (London, 1923). 

See the books referred to in Note 249, particularly Morgan. 
Concerning the bearings of modem heredity upon medicine see 
R. R. Gates, Heredity in Man (London, 1929). 

* 5 ® The criticism of Mendelism has never been quite silenced by its 
success. Haecker*s text-book in particular adopts a very cautious and 
indecisive attitude. See also Herz, Naturwissenschajten, 1923, p. 833; 
Pick, i6., 1925, p. 524, and Belar's reply, ib., 1925, p. 717. Stieve also, 
ib,, 1927, p. 951, has expressed himself fairly sharply against the univer- 
sality of Mendelism in genetics; we shall return to his criticism later. But 
all this criticism, including Wettstein's proof of cytoplasmic inheritance, 
has failed to shake the foundations of Mendelism, and has only strength- 
ened them. 

An article by Penners, Naturwissenschaften, 1922, Nos. 34 and 35, 
gives a good account of the development of the matter up till then, Wett- 
stein’s results are summarised in Unterr. Bldtt. f. Math, u, Naturw., 1928, 
p. 271; 1929, p. II. Similar results were also obtained by Kiihn (Natur- 
wissenschaften, 1927, p. 735). Both proved that, when certain lower 
plants were crossed, the offspring were ‘matroclinic* in certain respects; 
that is to say, they showed characteristics of the female parent, and de- 
parted from those of the male parent. As opposed to this, Nawaschin 
showed (Naturwissenschaften, 1927, p. 919) that this phenomenon does 
not occur with flowering plants. See Caroline Pellew, ‘The Genetics of 
Unlike Reciprocal Hybrids,' Biological Reviews, Vol. 4, p. 209 (1929); 
Shearer, de Morgan, and Fuchs, Phil, Trans,, 1912. 

The mode of inheritance in the case of infusoria seems to be quite 
different, the nucleus apparently taking no part. See Der Naturforscher, 
Vol. II, Nos, 28 and 29. 

See Naturwissenschaften, 1922, No. 33; Umschau, No. 42. Objec- 
tions to Meisenheimer have been raised, amongst others, by Lenz, Arch, 
f. Rassen- u. Gesellschaftsbiologie , 1926, Vol. 18, No. 2. 

See L. Hogben, Genetic Principles in Medicine and Social Science, London, 

1931- 

*®® For these methods see Baur-Fischer-Lenz, Human Heredity, trans. 
by E. and C. Paul (London, 1931). 

*«i See Note 249, 

See especially Haecker, Naturwissenschaften, 1927, p. 710; J. S. 
Huxley, Problems of Relative Growth (London, 1932). 

*«» Scientists with a leaning towards occultism, such as Oesterreich, 
Driesch, and others, have recently connected this phenomenon with the 
supposed phenomenon of ‘materialisation.* 

*®* Bohr has rendered especial service by a clear statement also of this 
question (N aturwissenschaften, 1930, No. 7). 

Goldschmidt’s hypothesis (text, p. 383) is not very different from 

this. 

*®7 See in this connection, besides Driesch, Fr. Kottje, ‘Vitale Energie* 
{Ann, d. Phil., 1927, Nos. 2 and 3). 

Sec The Philosophical Basis of Biology (London, 1931), by J. S. Haldane; 
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O. Lodge, Modern Scientific Ideas (London, 1927); The Idealisation of 
Mechanism, 1930. 

See the authors named in Note 225, and Ungerer, Note 266; also 
Gradmann, Naturwissenschaften, 1930, Nos. 28 and 29. 

See Friederichs, Naturwissenschaften, 1927, pp. 153, 182; Thienemann, 
ib., 1925, p. 589, and Gradmann (previous note). Q)nceming Heiden- 
hain's ‘S3mthesiologie,* see ib., 1926, p. 149. Also J. W. Bews, *The Ecolo- 
gical View-point,* Nature, Vol. 128, p. 145 (1931); C. Elton, Animal 
Ecology (London, 1927). 

270 See Lloyd Morgan, Emergent Evolution, 

W. Kohler, Gestalt Psychology (London, 1930). 

For Friedmann, see Note 184a. 

* 7 * See Driesch, The Science and Philosophy of the Organism, 2nd ed. 
(London, 1929), and his pamphlet. Das Game und die Summe (Leipzig, 
1922). See also the Supplementary Bibliography, under ‘Vitalism.* 

*78 Regarding Kant*s attitude towards the problem of organic purpose, 
see lingerer’s Die Teleologie Kants und ihre Bedeutung fur die Logtk der 
Biologic (Berlin, 1921), which is otherwise well worth reading. 

*74 Regarding animal psychology, see K. C. Schneider, Tierpsycholo- 
gisches Praktikum (Leipzig, 1912); and also B. Schmid, Von der Aufgaben 
der Tterpsychologie (Berlin, 1921); Ziegler, Tierpsychologie (Berlin, 1921); 
Kafka, ‘Tierpsychologie,* from Handb, d, vergL Psych., i, i (Munich, 1922); 
Hempelmann, Tierpsychologie vom Siandpunkt des Biologen (Leipzig, 
1926); W. V. Buddenbrock, Grundr. d. vergl. Psychol. (Berlin, 1924); W. 
Kohler, The Mentality of Apes (London, 1927); S. Zuckerman, The Social 
Lives of Apes and Monkeys (London, 1931); Alverdes, Social Life in the 
Animal World (London, 1927); Animal Psychology, trans. by H. Stafford 
Hatfield (London, 1932). 

*76 Concerning the problem of the colour sense of animals, and v. Frisch's 
investigations, see Naturwissenschaften, 1921, Nos. 29 and 37; 1923, p. 470; 
1924, pp. 981, 988; 1927, pp. 321, 963; 1929, p. 221. Concerning the 
powers of communication of ants, see Eidmann, ib., 1925, p. 126. See 
also H. M. Fox, Blue Blood in Animals. 

*76 Concerning the curious nuptial dances of Bees, see Umschau, 1921, 
Nos. 36 and 37. 

*77 See Note 270. 

*78 Driesch, Science and Philosophy of the Organism (London, 1929). 
Bertalanffy expresses a similar adverse view (ib., Note 225). Driesch, who 
of course himself introduced the hypothesis that the ‘entelechies* are ul- 
timately identical with his ‘psychoids,* naturally only intends to set up a 
methodological first principle. But it may be asked whether the whole state- 
ment of the question is not spoiled from the start if we begin by 'acting as 
if’ there were no such thing as the spiritual or psychical. A recent lecture 
by H. Gradmann of Erlangen {Naturwissenschaften, 1930, Nos. 28 and 
29) is particularly charactenstic of the attitude of most biologists. Grad- 
mann points out quite correctly that between the living individuals, alone 
commonly described as organisms and their subdivisions (organs or cells) 
on the one hand, and the higher wholes (animal states), symbioses (orgam- 
sations of animals and plants) on the other hand, every possible transition 
exists, and that hence there is no sense in making a particular factor (the 
entelechy) responsible for forming the whole out of the individuals, if we 
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could completely explain these more loosely connected aggregations by the 
fact that their parts act upon one another, or in opposition to one another, 
according to known laws. In order that a wood may be formed we only 
need a piece of land protected from cattle, and left to itself for several 
decades; as a result of the seed of plants, and various species of animals, 
reaching it by chance, a community, which we call a wood, will be formed 
automatically, without its being necessary to lay the responsibility upon 
a special * Spirit of the Wood.* This is a perfectly sound argument against 
Driesch’s vitalism, which replaces a causal explanation by the entelechy. 
But Gradmann never seems to realise that his conclusion can equally well 
be reversed; if we find at the end of a series of such wholes formed by 
chance the human individual - to which Gradmann will not refuse the 
possession of a spiritual unity - it is necessary for the same reason to go 
backwards from this point, in accordance with the very principle of con- 
tinuity he so skilfully asserts, to the wholes which are below man, and 
extend the principle to the loosest unit. Surely this other path, down- 
wards from mankind, belongs just as legitimately to scientific Biology as 
the first series from the cell or its parts upwards through Pandoriva, 
Volvox, etc. Is not the only possible method for this other path the 
spiritual insight (EinfUhlung) which Gradmann expressly denies ? Grad- 
mann*s view, that is, the whole of biological mechanism with a materialistic 
tendency, would only be the complete truth, if at the end of its path we 
found, in place of man, only a material system of the highest complication. 
But instead, we have a living being which without a doubt is possessed of 
spiritual and mental qualities. This is a proof that the procedure quite 
certainly represents only half the truth. But so much it certainly is. 

Bohr, see Note 264. 

*80 See Driesch, 16., Note 272; and books on animal psychology. Note 
274. 

*8oa ODnceming the mechanism of 'geotropism* see Loeb, Forced Move- 
ments, Tropisms, and Animal Conduct (New York, 1918). 

See the report by Andr6 on Lux*s apparatus. Unsere Welt, 1922, No. 8. 

*82 Mach {Analysts of Sensation) separates the elements in a somewhat 
different manner according to the various disciplines which he deals with. 
In my view the distinction here made is more accurate - but it reaUy is of 
no importance. 

*88 Analysis of Sensation. 

*84 Kiilpe, Die Realisierung, Vols. i and 2; Honigswald, Zur Kritik der 
Mackschen Philosophic (Berlin, 1908). E. Becher (see bibliography) 
points out how much simpler the ‘hypothesis of a real external world* is as 
compared with the mere element-relations of the positivists (%b., p. 91). 

*«* Husserl, Logische Untersuchungen, i, p. 84. 

*•• Honigswald, ib. 

*87 A fuller account will be found in E. Becher, Gehirn und Seele and 
Einfuhrung in die Philosophic) Busse, Leib und Seele) Kulpe, Einleitung in 
die Philosophic) Driesch, Leib und Seele. See Bibliography. 

*88 Driesch, in the books cited in Notes 265 and 287, gives a very 
thorough criticism of the theory of parallelism. But he al^ rejects the 
theory of interaction in its usual form. His main ar^ment is the greater 
degree of complication of the psychical as compared with the physical. The 
law of arrangement of degrees of complexity prevents, in his opinion, our 
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being able ever to make a complete picture of the psychical from the cor- 
poreal. On the other hand, in his opinion the psychoid (the entelechy) 
fulfils all requirements in this respect. Naturally, for Driesch ascribes to 
this deus ex machina the very degree of complexity which he requires for 
this purpose. His psychoidal image of the spiritual is, in my opinion, a 
simple duplicate. The solution of the riddle is not thereby given, but 
simply passed on to the relationship between entelechy (psychoid), and 
body. As regards this, Driesch is satisfied with the bare statement that we 
must assume states of the brain, resulting from stimuli of the sense organs, 
to be unambiguously connected with those spiritual states which are called 
sensations or true perceptions. But since this sensational element never 
appears pure, but always as part of a whole and characterised by some 
ordered symbol, it is not necessary to assume that a definite brain-state is 
unambiguously assignable to this whole; we must suppose that the whole is 
given by brain-state and soul-state (olDviously psychoid-state) taken to- 
gether. Yes, but how ? This is exactly the question which we have to 
solve. 

Unfortunately, too little attention is paid in philosophical literature 
to the fact that the epistemological problem of reality is nothing but the 
problem of body and soul seen from the other side, the inside. The epistem- 
ologist will always tend, even when he is a critical realist like E. von 
Hartmann or Becher, to start from the immanent sensations, etc., and then 
proceed to found his hypothesis of the real external world. This, for in- 
stance, is Becher 's method. The author does not regard this as correct, 
but would take the ‘primordial experience’ (Urerlebnis, Verveyen) as 
neutral, and the subject - object relationship as directly given and not 
further analysable. See however, regarding the question of the correct 
starting point, an article by Seiffert, Unsere Welt, 1926, Nos. i to 3. 

Eddington, Space, Time, and Gravitation] see Bibliography, p. 654. 

The ‘hypothesis of a super-individual psyche’ has found a clever ad- 
vocate in E. Becher’s book Die fremddienhche Zweckmdssigkeit der Pflan- 
zengallen und die Hypothese (Leipzig, 1917). Against his view see e.g. 
Frankenberg, BioL Zhl,, 1929, 12, 48. I am no longer prepared to uphold 
my complete rejection of this hypothesis as in the last two editions, 
although I still share the doubts aroused by the possible introduction of 
‘lazy teleology.* The h3rpothesis may be correct, even if its introduction 
for the purpose of explaining certain mysterious phenomena connected 
with galls was a mistsike. The foundation for it given in the text has 
obviously nothing to do with such ‘lazy’ teleology. 

Hartmann’s chief work on the theory of knowledge is the ‘theory of 
categories.* An excellent account of the essentials of the matter is given 
in Das Grundproblem der Erkenntnistheorie, and Die kritische Grundlegung 
des transcendentalen Realismus (Leipzig). See also his summary. System 
der Philosophic in Grundriss, or that of his disciple Drews, E. v. H/s phiL 
System in Grundriss (Heidelberg, 1902). 

*»* S. Arrhenius, Worlds in the Making, trans. by H. Boms (London and 
New York, 1908). 

See Molisch (Note 220), p. loi. Recently, Miehe, BioL ZhL i. 1923. 

This fundamental idea of Fechner’s is in my opinion inevitable, unle^ 
metaphysics is radically rejected. Becher also supported it. See in this 
connection his Introduction to Philosophy. 
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A complete comprehension of this historical fact seems to me to be 
somewhat wanting in the otherwise excellent book of Friedmann (Note 
184a), which quite definitely proclaims the return to Goethe's purely ideal- 
istic morphology, as opposed to the excessive mechanistic and temporal 
descent of forms. See Note 

On the history of the doctrine of descent see Radi, History of Bio- 
logical Theories, trans. by E. J. Hatfield (Oxford, 1930); C. Singer, A Short 
History of Biology (Oxford, 1932). 

See Singer's book in the previous Note. 

How far we are to count Goethe as one of the originators of the 
doctrine of descent is somewhat doubtful, since we cannot be sure whether 
he regarded the development of ‘Individual Species' from the primary type, 
as purely logical, or actually historical. 

The only strong opponent of the doctrine of descent among German 
zoologists is Fleischmann of Erlangen. As a super-empiricist, he rejects 
every kind of theorising which goes beyond the simple observation of facts 
and their connections. In this respect he carries out his own principles, for 
he has confined himself to morphological and anatomical investigations. 
He does not realise that his rejection of theorising would lead whole 
branches of science, for instance geology, to lose their right to exist, and 
that finally nothing would be left, to use Wasmann's neat expression, but 
‘well ordered magazines of facts,' for the sake of which no one would be 
willing to engage in scientific work. Fleischmann has published, in col- 
laboration with the theologian Griitzmacher, a series of lectures under the 
title, Der Entwicklungsgedanke in der gegenwdrtigen Natur- und Geistes- 
wissenschaft (Leipzig, 1923), in which he undertakes to refute the doctrine 
of descent. As a matter of fact, he continually confuses in the most hope- 
less fashion descent as such with its special forms, such as the theory of 
selection, and accuses present-day theorists of things which have been for- 
gotten for the last thirty years by the whole science. A single glance at, for 
example, R. Hertwig's excellent account of descent in Kultur der Gegenwart 
disposes of Fleischmann 's whole fight against an opponent that no longer 
exists. Of other biologists, only a few such as Petersen of Heidelberg, 
have occasionally expressed themselves very critically regarding descent 
{N aturzmssenschaften, 1921, No. 49) because they have likewise adhered to 
extreme empiricism. But no one else but Fleischmann has rejected the 
whole doctrine. 

It has taken long enough for this view to be actually adopted by the 
specialists. The historical interconnection of the problems was all too 
effective. The chief credit for the new and precise statement of the prob- 
lem belongs to Tschudlok's clear analysis in his Deszendenzlehre (Note 296). 

See Note 297. As regards what follows, see also Plate, Die Abstam- 
mungslehre (Jena, 1925). 

302 Rauthner, Naturw. Wochschr., 1921, No. 10. (See also T. N. George, 
‘Palingenesis and Palaeontology,' Biological Reviews, Vol. viii (i933)*) 

The fact that the vestiges in question may sometimes serve other 
purposes (reproduction) does not in any way tell against their rudimentary 
nature. 

See Wasmann, Naturwissenschaften, 1926, p. 504. Concerning blood 
groups, Breitner, ib., 1928, p. 849. 

See also H. Munro Fox, Blue Blood in Animals. 
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An interesting and new attempt has been made by Tischler to recon- 
struct the genealogy of plants on the basis of the number of chromosomes 
(BioL Zeniralbl., 1928, p. 6). 

806 See in this connection, for example, Hertwig, Zur Abwehr des 
ethischen, sozialen, und politischen Darwinismus (Jena, 1918), where 
further literature will be found. Concerning the dangers of a too hasty 
application of biological concepts and laws to human culture see Drexler, 
Naturw, Wochschr., 1920, No. 42. An insight into these dangers does not 
abolish the necessity for fully appreciating the biological foundations of 
human culture. See below in the text, and Note 400. See also Wells and 
Huxley, The Science of Life. 

Regarding this question, see the books on genetics referred to in Note 
249, and also Hennig, Naturwissenschaften, 1927, p. 260. 

308 Xhis table is from Voss* Moderne Pflanzenzuchtung und Darwinismus 
(Detmold, 1928). 

800 Further examples will be found in the books on genetics, and in 
Touton, Naturwissenschaften, 1928, p. 685, and ib., 1927, Nos. 15 and 25. 

*1® The literature regarding the inheritance of acquired characteristics is 
limitless. I give as a tiny selection: R. Hertwig*s article 'Abstammungs- 
lehre* in Kultur der Gegenwart] O. Hertwig*s Werden der Organismen] 
Kammerer's reports on his experiments in Umschau, 1909, No. 50; 1911, 
p. 7; 1913, p. 45; Demoll, Arch. f. Eniw.-Mech., 1921, Vol. 47. And above 
all, Baur-Fischer-Lenz, Human Heredity. 

There is, of course, an equally large literature in English. See the Supple- 
mentary Bibliography to this book. 

One of the few English upholders of the hereditary transmission of ac- 
quired characters is E. W. MacBride. See his Royal Institution lecture 
reported in Nature, Vol. 127, p. 933 {1931); J. B. S. Haldane's R.I. lecture 
opposing his view, %b., Vol. 129, pp. 817, 856; and a subsequent discussion 
between them in Nature, Vol. 129, p. 900, and Vol. 130, p. 20. 

Concerning Kammerer, see previous Note, and Note 314. 

This view has recently been chiefly represented by Gemiind {Leben 
und Anpassung, Bonn, 1926). According to him, Driesch's so-called 
‘prospective potencies* are in reality retrospective. The necessity for 
taking an ‘historical* standpoint in biology has recently been strongly 
urged by Bertalanffy. See his Kritische Theorie der Formenbildung where 
other literature will be found; see also Hennig, Note 299. 

813 Pavlov's famous experiments on mice are to be interpreted in this 
sense. Pavlov trained mice to come for food at the sound of a bell, eind 
states that he proved that their offspring learned this response considerably 
more quickly. According to Lenz, these experiments only proved, that 
Pavlov or his collaborators gradually learned better and better how to 
train mice. 

Regarding Kammerer's case, see Nature, Vol. 118, pp. 490, 636 (1926). 

816 See further Lenz, Arch. f. Rassenhyg. u. Gesellschaftsbiol., Vol. 21, 
No. 3; also Bavink, Unsere Welt, 1929, No. 5. 

316 xhe same is true for the oft-quoted experiments of Standfuss and 
Fischer on the fruit-fly Drosophila, as Goldschmidt {Biol. Zbl., 1929* P- 7) 
has shown. Concerning Tower's experiments see Baur-Fischer-Lenz, 
Human Heredity) V. Haecker, Umwelt und Erbgut. 

Sss 
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According to the experiments of A. Blum, see Fetscher*s work quoted 
in Note 394, and also the essay by Rudin, Naturunssenschaften, 1930, No. 13. 

51 * See for example Darken, Biol. Zhl. 12, 48. The experiments of 
Lesage, Naturwissenschaften, 128, No. ii, are probably to be interpreted in 
the same way. Further examples in Lenz, ib. 

The chief upholder of this argument in recent times is Demoll, see 
Note 310. See also Gessner, Die Krisis in Darmnismus (Leipzig, 1910). 

Stieve has recently drawn frequent attention to this sensitiveness 
{Naturwissenschaften, 1927, 951), but unfortunately makes it the occasion 
of a quite unjustified attack on genetical theorists, and a defence of 
Lamarckist ideas. No modem geneticist maintains that the germ cells are 
absolutely unchangeable by, and insensitive to external influences. See text. 

A summary of the little that is known with certainty is given by 
Kosswig, Naturwissenschaften, 1930, p. 561; see also ib., 1930, p. 434. 

*** Ib., 1919, No. 45. 

Bohr, ib., 1930, No. 4. 

See the books referred to in Note 1 16. 

526 See the books referred to in Note 253 on the determination of sex. 

525 Figures in Weismann, ib. 

5*7 xhe literature on Darwinism is limitless. The great majority of 
present-day workers are very critical towards it. Its chief supporters at 
present are Plate (see Bibliography) and lately the mathematician Study 
(see Naturwissenschaften, 1920, 1921). The zoologist Hesse also regards 
the theory of selection favourably on the whole. It is rejected entirely by 
the de Vries school, and part of the Mendelians, and the Neo-Lamarckists 
(O. Hertwig, Driesch, Pauly, Reinke, Dennert, etc.). The best summary of 
the whole problem of descent is given, in my opinion, by R. Hertwig's 
article ‘Abstammungslehre’ in Kultur der Gegenwart. See Bibliographies. 

[Mention should also be made of S. Butler’s Unconscious Memory, originally 
published in 1880 (3rd ed., 1920), in which both Darwin's theory and his 
mode of presenting it are subject to penetrating criticism entirely ignored 
at the time, and still fully valid. Tr.'] 

528 See Weismann, On Heredity (Oxford, 1892). 

5*8 Just, Begriff und Bedeutung des Zufalls im organischen Geschehen, 
Berlin, 1925. 

580 A new experiment of this kind, together with a full statement of its 
basis, has recently been published by Kranichfeld in No. 31 of Vortrdge und 
Aufsdtze zur Entwicklungsmechanik der Organismen (edited by W. Roux, 
Berlin). The reader is referred to my review in Unsere Welt, 1922, 
No. II, p. 261. 

581 In his book Urwelt, Sage, Menscheit (Munich, 1928). 

882 Naturwissenschaften, 1912, No. 8. 

588 Kleinschmidt's new Formenkreislehre (Halle, 1926) can also not be 
acquitted of this mistake. 

58 * Heikertinger is prominent among the supporters of this idea, see 
Note 318. 

*55 Prell, Naturwissenschaften, 1924, p. 149; Beljajeff, Biol. Zbl., 1927, 2. 

*86 See for example Goldschmidt, Vererbungswissenschaft (2nd ed., 
pp. 78 ff.)- 
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Regarding the question as to the final relationship between the 
parent form and the mutations after unrestricted interbreeding, a dis- 
cussion took place some years ago between Peter, Kranichfeld, and Nachts- 
heim in the Naturw. Wochschr., 1922, Nos. 39, 52, to which the reader is 
referred. 

888 Regarding mimicry, see Pieper's Mimikry, Selektion, und Darwinis- 
mus (Leyden, 1907); Study, Naturwissenschaften, 1919, Nos. 21 to 23; 
Dahl and Heikertinger, Naturw. Wochschr., 1920, many issues, and also 
Biol. Zhl., 1922, Nos. 10 and ii. Also Heikertinger, Die Frage der Schutx- 
anpassungen im Tierreich (Karlsruhe, 1927), and numerous papers by the 
same author, e.g. Biol. Zhl., 1925, p. 705; 1926, pp. 351, 503; 1927, p. 462; 
ZS. f. Morph, u. Oekologie, 1925, p. 598. 

‘Mimicry,' art. by G. D. H. Carpenter, Sci. Pro. xxvi. 609 (1932). 

889 This is the view urged by Wasmann against Fleischmann in the dis- 
cussion on the doctrine of Descent fought out in the MUnchener Neuesten 
Nachrichten some years ago. see Notes 299 and 342. 

8*0 W. Schultz has published important new experiments on direct colour 
change caused by cold (Arch /. Entw.-Mech., Vol. 47, Nos. i and 2). 

841 See in this connection H. Grunwald, Unsere Welt, 1926, No. 10; also 
Just, Note 329. 

*42 How many ‘unexploded mines' still lie about in this region may be 
seen most clearly from the discussion which took place on Descent in the 
MUnchener Neuesten Nachrichten between Fleischmann, Wasmann, Hert- 
wig, Dacqu6, Kaup, Lenz, etc. See my summary. Unsere Welt, December 

1925. 

Regarding ‘Fundamentalism,' the reader may be referred to Fundamen- 
talism versus Modernism (1925), by J. W. Johnson; American Inquisitors 
(1928), by W. Lippmann; New Learning and the Old Faith (1928), by A. W. 
Robinson. 

843 Thus Dennert in his pamphlet Welthild und Weltanschauung (Godes- 
berg, 1909) which may be taken as an adequate expression of the general 
mood of the time in Christian Church circles. For a discussion of it see the 
author's statement in Unsere Welt, 1924, Nos. 2 and 3. 


PART IV 

844 A general account of our present knowledge of primitive man will be 
found in H. Klaatsch's The Evolution and Progress of Mankind (London, 
1923), and in the works given in the Supplementary Bibliography, notably 
the works by Keith and Read, and in more popular style. Wells' Outline 
of History. 

846 See H. Weinert, Naturwissenschaften, 1925, 188. 

846 H. Weinert, Kosmos, 1925, p. 386; W. Dietrich, Unsere Welt, 1917, 

363- 

VI Qidi&axe\c\i, Naturwissenschaften, 1930, ii8; Umschau, 1930, No. 2; 
Unsere Welt, 1930, No. 4. 

848 See the report on this in Naturwissenschaften, 1922, No. 4. Opi^site 
view, H. Reck, Naturw. Wochschr., 1922, No. 5. See also Naturwissen- 
schaften, 1929, 233. 
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»*• While this book is in the press I learn that Freudenberg has found 
new prehistoric human remains near the site of the old discovery (teeth, 
parts of skull and face, shoulder blade) which he ascribes to a large ape-like 
creature called Hemianthropus Osbomi. It is possible that they form, 
together with the lower jaw of Mauer, part of the same skeleton. 

«*®That of Weinert (Z5. /. EthnoL, 1926; Umschau, 1926, 31) probably 
takes first place at the present time. 

Bayer, Umschau, 1929, 17. 

Kem, Stammhaum und Artbild der Deutschen (Munich, 1927). 

863 Very rich material for the comparison of the technology and art of 
prehistoric man with that of primitive races and children will be found in 
the new large work by Dennert, Das geistigen Erwachen des Urmenschen 
(Weimar, 1929), with whose conclusion I cannot however agree in all res- 
pects. ^e also H. Eng, Children's Drawings, trans. by H. S. Hatfield, 
(London, 1931): full account and Bibliography. 

[See F. G. Crookshank, The Mongol in Our Midst, a popular exposition 
(with full bibliography) of the case for a polyphyletic origin of man from 
three stems corresponding to the chimpanzee, orang, and gorilla in the 
apes, and the White (taken in a very wide sense), the Mongol, and the 
Negro in man. Most populations, particularly the European, are a mix- 
ture of all three stocks; the evidence is derived from a study of physiog- 
nomy, personality, and bodily attitude in normal people, and of the charac- 
teristics of congenital imbeciles, vrhich are believed to be atavistic in 
nature (‘Mongolism,* dementia praecox). The opponents of this view 
allege that both imbeciles and normal race differences are the results of 
differences in endocrine (hormone) balance. Jr.] 

Breitner, Naturwissenschaften, 1928, 849. 

P, Alsberg has laid particular stress on this point in a lecture given in 
1922 at the Naturforscher-Versammlung and in his book Das Menschheiis- 
rdisel. 

Thus Dacqu^ regards as the scene of the main part of human de- 
velopment the lost continent of Godwana (Urwelt, Sage, Menschheit, see 
Note 331). 

At night all cats are grey. 

See, in addition to the work mentioned in the last note, the one 
given in Note 204, and also Leben als Symbol, all three published in Munich. 

Die morphologische A bstammung der Menschen, Kritische Studie Uber 
die neueren Hypoihesen (Stuttgart, 1908). 

W. Kohler, Abh. der preuss. Akad. der IViss., 1917-18; The Mentality 
of Apes (London, 1925). See also Bierens de Haan, Naturwissenschaften, 
1927, 481. 

Ch. Buhler, Die geistige Entwicklung des Kindes (igig)- See also 
Dennert and Eng, Note 353. 

862 Watson's Behaviorism twists this fact into the monstrous assertion 
that thinking is nothing but this inward conversation with one's self. 

A rich store of material will be found in Hesse-Doflein, Tierbau und 
Tierleben (Leipzig). See also Alverdes, Social Life in the Animal World; 
S. Zuckerman, The Social Life of Apes and Monkeys, 

See F. B. Jevons, An Introduction to the History of Religion, 9th cd. 
(London, 1927), and other books in the Supplementary Bibliography. 
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See Note 344, and C. K. Aldrich, The Primitive Mind (London, 1931); 
A. Machin, The Ascent of Man (London, 1925). 

O. Kleinschmidt, Formenkreislehre. 

The average skull capacity is as follows: - 

Anthropoids ..... about 500-600 cb. cm. 
Pithecanthropus . . . . ,, 800-900 ,, ,, 

Neandertaler . . . . . „ 1200-1250 „ „ 

Piltdown (Keith) .... ,, 1400- ? „ ,, 

Present-day European . . . ,, 1500- ? ,, ,, 

but the range of variation is very great, particularly in present-day man, 
so that positive conclusions can only be drawn with difl&culty. 

8«8 See F. Tilney, The Brain from Ape to Man (London, 1920); C. J. 
Herrick, An Introduction to Neurology (Philadelphia and London, 1927). 

88® Regarding the reasons for assuming the existence of unconscious 
mental processes, see modem treatises on general psychology, e.g. C. K. 
Ogden, The A B C of Psychology (London, 1929). 

Lehmann, Aherglauhe und Zauherel (Stuttgart, 1925); Baerwald, Der 
Okkultismus in Urkunden (Berlin, 1925) (almost entirely sceptical) ; Dessoir, 
Vom Jenseits der Seele (Stuttgart, 1917); Hennig, Wunder und Wissenschaft 
(Hamburg, 1904); T. K. Oesterreich, Occultism and Modern Science 
(London, 1923); Tischner, Telepathy and Clairvoyance, trans. by W. D. 
Hutchinson (London, 1925); G. Pagenstecher, Recent Events Seer ship, 
a Study in Psychometry (New York, 1923). 

See also F. Podmore, Modern Spiritualism, a History and a Criticism 
(London, 1902), and The Newer Spiritualism (London, 1910); Richet, 
Thirty Years of Psychical Research, trans. by S. de Brath (London, 1923); 
Osty, Supernormal Faculties in Man, same trans. (London, 1923); Geley, 
Clairvoyance and Materialisation, same trans. (London, 1927); Morton 
Prince, Dissociation of Personality (New York, 1906); MacDougall, Body 
and Mind, 2nd ed. (London, 1913); W. Brown, Mind and Personality 
(London, 1926); W. F. Prince, The Enchanted Boundary (Boston, 1930); 
T. Besterman, Some Modern Mediums (London, 1930); C. E. B. Roberts, 
The Truth about Spiritualism (London, 1932). 

371 Prell, Naturwissenschaften, 1925, 652. 

8’® See Lehmann, Note 370; Hauer, Note 364. 

873 See Lehmann and Dessoir, Note 370. 

878 Baerwald, ib., Note 370, 

876 The extension given by Hennig to this hypothesis (Note 370) cannot 
in my opinion be justified. 

878 Q)nceming physical phenomena see Geley and Richet, Note 370. 

877 The term ‘cross-correspondence* is used by psychical research 
workers to describe communications from ‘spirits* received at various 
times, which only make sense when joined together. 

878 An exception to the rule of the triviality of supposed spirit com- 
munications is found in the remarkable poetical products of the medium 
Mrs. Curran who was examined by the very critical leader of American 
scientific occultism Dr. Prince (The Case of Patience Worth, Society of 
Psychical Research, Boston, 1917). The spirit calling itself Patience Worth 
produced a poem in pure English of the 17th and i8th centuries which could 
not possibly be credited to the medium. The case is unique of its kind. 
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By way of criticism of Steiner*s Anthroposophy, see Hauer, Werden 
und Wesen der Antkroposophie (Stuttgart, 1922). See also, by a disciple, 
G. Kaufmann, Anthroposophy, an Introduction to the Works of Dr, Rudolph 
Steiner (London, 1922). 

See text, p. 296, and Notes 197. 198. 

Certain experiments of an Italian, Cazzamelli, with wireless receivers 
have been regarded as a direct proof of the existence of such waves; they 
are reported in the ZS. f. Parapsch., 1926, Nos. 1-3. 

Remarkable cases will be found in Mathieson's book (Note 370), 
particularly the case of Genthe, and also in Baerwald, Okk. u. Spir., p. 226. 

In his Philosophy of the Unconscious, and also in his work Animismus 
und Spiritismus, 

®®^ See Lehmann, Aherglaube und Zauberei, and Note 356. 

3 ®® See Note 382. 

*®6 At this point we are reminded of the oft>quoted presentiment of 
animals at the approach of accidents and catastrophies such as earth- 
quakes, But the reports on this point are very contradictory. Volcanic 
eruptions and the like are reported without reference to their natural pre- 
liminary w’amings. 

®®^ Bavink, Kantstudien, 1927, Nos. 2 and 3; Wenzl, Das Naturwissen 
schaftliche Bild der Gegenwart (Leipzig, 1929). 

3 ®® See Al. Muller, Einleiiung in die Philosophie (Bonn, 1925). 

®®3 In this view I am in agreement with the chief representatives of both 
contending parties. 

«»o With reference to the following pages, see in particular the second 
part of Baur-Fischer-Lenz and also Giinther, Rassenkunde des deutschen 
Volkes; Clauss, Rasse und Seele and Von Seele und Anilxtz der Rassen und 
Volker (all Munich); the books of Boas and Luschan, quoted later. And 
above all, the excellent, profound, and very full work by L. Schemann, 
Die Rasse in den Geisteswissenschaften, so far two vols. (Munich). The 
second treats of the chief epochs and peoples of history as related to race, 
the first the part played by race as such in history. 

3 »i It might be objected here that the statistical method to be applied in 
the cases in question is also mathematics, although only 'the mathematics 
of approximation’; and that therefore Kant's law w'ould still hold. But 
that wrould result in his original opinion being actually turned into its 
opposite, for mathematics was Kant’s ideal because it gives us 'apodic- 
tically certain’ results, and not merely the probability of correctness. 

S 92 We find bad examples of such tendentious work in Boas’ Kultur und 
Rasse, and Luschan 's Vdlker, Sprachen, Rassen, though the latter work 
contains a great deal of detailed valuable material. On the other hand, 
Gunther’s well-known book is also by no means free from exaggeration in 
the opposite direction, and in popular nationalistic literature these exag- 
gerations often become intolerable, even when they are in the service of a 
good cause. Here we often have hopeless confusion between the notions 
of race, people, and language. 

*•» The real level of the culture of our distant ancestors has been made 
clear in recent times, particularly by Kossina. The gold ornaments found 
prove that art at least was on a high level. Opinions are very much 
divided concerning astronomical achievements; Teudt’s assertions - 



NOTES 


647 

Germanische HeiligtUmer (Jena) - are mostly rejected by the specialists, but 
have recently been confirmed from another side (Umschau, 1930, No. 3). 
One thing at least is correct in them, namely that it was a grave mistake to 
proclaim Charlemagne as the bringer of culture to Germany. He des- 
troyed much more culture than he built up. We owe it to him, and above 
all to his son Louis the Good, that the spiritual bond uniting us to our 
forefathers has been almost completely severed. He succeeded, where 
Rome has failed, in bringing Germany under Roman servitude. Con- 
cerning the question of the early Germanic culture, see Worth’s monu- 
mental work Der Anfang der Menschheit (Jena). 

89 ^ Concerning race hygiene, see Baur-Fischer-Lenz, Human Heredity, 
the standard work. See Supplementary Bibliography for further works 
in English on eugenics, and also Shepherd Dawson, ’Intelligence and 
Fertility,* Nature, 1932, Vol. 129, p. 191. 

39 S See Prokein, Lenz and Fiirst, Arch, f, Rassen-und Ges.-BioL, Vol. 17, 
No. 4. 

99 ® These figures are taken from Fetscher, Erbbiologie und Eugenik 
(Berlin, 1927). 

997 Natural sterility only seems to appear in a few extremely degenerate 
families, but the elements thus eliminated only form a minute fraction of 
the bad stock which is continually increasing in relative proportion. 

998 See Supplementary Bibliography, 'Eugenics.* 

399 See Bavink, Note 394. 

®99 The founders of eugenics in Germany, Ploetz, Schallmeyer, Tille, and 
others, at first aroused much opposition by their somewhat acrimonious 
remarks on this point. Thus the notorious East End of London was once 
described by this school as the source of England’s health, because the 
unsocial types die out there in the course of a few generations. O. Hertwig 
protests against this view in his book quoted in Note 306, which, however, 
goes too far in the other direction, since it takes entirely the point of view 
of Lamarckism. 

O. Spengler, The Decline of the West, trans. by C. F. Atkinson; H, 
Piper, Die Gcsetze der Weltgeschichte (Leipzig, 1929). Frobenius, in Paid^ 
euma (Munich, 1921), takes a similar view; his researches on the lost civilisa- 
tions of Central Africa are well known. See also the Supplementary 
Bibliography. 

Piper has recently undertaken to show, in a further work, that the 
history^ of China and Japan agrees with his theory. I must leave criticism 
to specialists. 

®®9 Unsere Welt, 1928, 12; 1929, 10; 1930, i. 

See Schemann, tb., Vol. ii. 

406 Many recent vitalists, who incline to occultism, appear how'ever to 
attribute even this pow^er to the entelechy or ’psychoid,* inasmuch as they 
use it to explain ‘materialisation* phenomena. 

406 philosophie der Technik, by Dessauer (Bonn, 1927), and the book of 
the same title by Zschimmer (Jena, 1920). 

[No subject has received more discussion in England during the last two 
centuries, but I am unable to find any book which could be described as a 
philosophy of the subject. All our literature is strongly political, ethical, 
and propagandist, with the exception of some economists; it turns around 
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the question whether machines, and the 'Capitalist' system under which 
they have been developed, are good or bad for man, mentally, morally, and 
physically. While the question has played a large part in the controversy 
between individualism and socialism, the opponents of machine as op- 
posed to hand labour are to be found in both camps. A few recent works 
representing different schools of thought will be found in the Supplementary 
Bibliography under 'Civilisation,' but the reader may be reminded of the 
names of Ruskin, W. Morris, S. Butler the Younger, Adam Smith, J. S. Mill, 
H. Spencer, Ed. Carpenter. Tr.] 

Franck, Die Pflanze als Erftnderin (1920); Das Gesetz des Lehens 
(Leipzig, 1920). See S. Butler, Life and Habit, and J. M. Montmasson, 
Invention and the Unconscious, with a preface on the relation between 
human invention and biology by H. S. Hatfield (London, 1931). 

Ph. Frank (see Note 165) would naturally object strongly to this 
view, for in his opinion the belief in such pre-existent solutions is the root 
of all evil in the ‘philosophy of the schools.* 

The excellent treatment of animals in the Swiss mountain villages 
strikes all travellers. 

See a full discussion of the whole question in Unsere Welt, 1929, 
Nos. 3 and 9. 

See, for example, Kropotkin, Gegenseitige Hilfe in der Entwicklung 
(Leipzig, 1903). 

Unsere Welt, 1929, Nos. r, 2, 6 and 7. 

See further, Baur-Fischer-Lenz, Human Heredity, Note 394. 

The vast literature in connection with this problem has recently been 
enriched by a notable lecture by W. Hellpach (Bielef elder Reichseltemta* 
gung, 1930, Nord und Sud, Vol. 53, No. 6). 

See Otto's fundamental work The Idea of the Holy, trans. by J. W, 
Harv^ey (London, 1928). 

The problem of historicism has been most clearly envisaged and 
developed in recent times by Troeltsch. 

In this respect I agree entirely with A. Sternberg, Idealismus und 
Kultur (Berlin, 1924). See my essay ‘Vom Relativen zum Absoluten,* 
Unsere Welt, 1925. Nos. 7 and 8. 

Oesterreich, Das Welthild der Gegenwart (Berlin, 1925), p. 313. 

Widmann, Der Heilige und die Tiere (Halle, 1921). 

420 Bavink, ‘Das t)bel in der Welt vom Standpunkte der Wissen- 
schaft. und der Religion,* Unsere Welt, 192$, Nos. i and 3; reprint (Detmold, 

1925)- 
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Metaphysics 426, 537, 6075. 

Meteoritic hypothesis 283 
Meteorology 251, 293f. 

Metric field i46f., 155 
Micelles 319, 332, 351 
Michelson-Morley experiment 139 
Migration theory of descent 481 
Milky Way 272^., 283 
Mimicry 473, 4815. 

Mind 245, 506 
Minimum principles 86, 201 
Altrabtlis jalapa 366 
Mitogenetic rays 354 
Mitosis 335! 

Mixo variations 459 
Mixture, calorimetric rule of 79 
Models 32, 40 

Modification, permanent 467 
Molecules iiff., 91, 5, 98, 206, 319. 332 
Momentum 59 
Monads 205 
Moon and weather 294 
Moral sciences 249, 538, 594 
Multicellular organisms 335^. 

Mutations 459ff., 474 

Nature and culture 5045., 5755 
Nature, forces of 76 
Nature, laws of 66, 75, 154, 205!!., 212, 
215, 2i7f., 223, 228ff., 240, 250, 385, 
39iff., 399 

Nature, protection of 5752. 

N-body problem 282 
Neanderthal man 494^., 502, 513 
Nebula 277 
Neokantism 15 1 
Neptune 39 

Neptunism and volcanism 437 
Nerves 351 
Neutron 191 
Noble gases 3, 6, 15, 24 
Nominalism 2332., 402 
Non-euclidian geometry 143 
Nordic race 545ff 
North light (aurora borealis) 292 
Nucleus of atoms, nuclear charge 125. 

128, 134 

Nucleus of cells 335, 363 


INDEX 681 

Objective (Meinong) 234 
Occultism 510, 5170. 

Ontogeny 336! 

Optics io2fi. 

Orbits of eye 344, 347, 349 
Order (categories of) 149, 200, 218, 
245. 534 

Organisation, organiser 348, 389 
Orthogenesis 475 
Oscillation i04f. 

Oscillation, electrical 112 
Ovum 335.341.365 


Pain 602 

Palaeontology 437, 440 
Panmixy 479 
Panpsychism 533f. 

Pantheism 427 
Parallel induction 466 
Parallelism, psychophysical 419 
Paraphysical phenomena 520 
Parapsychology 5i8ff , 522 
Paravariations 459 
Parsec 284 

Parthenogenesis 338, 353, 356, 365 
Path, mean free 24 
Pauli's Exclusion Principle 190 
Pekinese man 493 
Pendulum 80 

Perihelion, rotation of 160 
Periodic law 6, 129, 179, 190, 195 
Perpetual motion 95!., 263 
Personality, sphttmg of 522 
Pessimism 603 
Phantoms 526 
Phase velocity 188 
Phenomenalism 151, 242 
Phenotype 459f., 469 
Phlogiston theory 5 
Photochemical law 176 
Physics 76, 85, 90, 100, i2off., 1930., 
223ff., 548 
Piltdown skull 493 
Pithecanthropus 492 
Plane 51, 152 

Planetary motion, system of 36, 66, 
161, 278 
Planimetry 145 
Plant, soul of 405 
Polar front theory 293 
Polarisation 106 
Polyphyly 479, 499 
Population 456, 474, 544 
Positivism 33f., 37, 48, 71, 84, 89, 106, 
121, 151, 178, 189, 203, 2i2f., 2271, 

247. 254. 398. 41 1. 538 

Posthypnotic suggestion 516 
Potencies, developmental 340, 346f., 
382, 460 
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Potential energy 8i 
Pragmatism 455 
Pressure 206 

Primary substances 7. 134, 191 
Primates 479, 498, 508 
Prime structure of the world (Urbau) 
215. 249, 270, 535 
Primitive man 489f[. 

Probability 98, 21 1, 217, 263, 379, 385, 
395. 456 

Problem of definition 48 
Prophecy 532 

Proportions, law of multiple ii, 32 
Protective colouring 473, 480 
Proteins 305 

Proton 61, 127, 133. 134, 193, 213 
Protoplasm 301, 328, 41 1 
Psycho-analysis 516 
Psychoid 420 

Psycho-Lamarckism and -vitalism 404, 

420. 425 

Psychology 506 
Psychometiy 524 
Psychomonism 416 

Psychophysical problem 102, 203, 

404^., 5 i 3 ff. 

Pure Imes 456, 474, 544 
Purpose in technology 563 
Purposiveness of organisms 346, 395^., 
601 


Qualities, secondary (of sense impres- 
sions) 77, 89, 149, 21 1 
QuatUitas materiae 60 
Quantum mechanics 188, 209, 217 
Quantum theory 49, 164, I73ff., 185!., 
I 96 f. 


Races 366, 377, 383 
Race hygiene 55off., 585 
Radiation, law of i73f., 191 
Radio-activity 8, 22, I28f., 133!, 191, 
251 

Rationalisation 567, 57iff., 5825., 587 
Rationalism 216, 229, 233 
Realism 2, 61. 77, 89, 149, 198, 217, 
226, 229ff., 242ff., 399, 426, 590, 593 
Reality, problem of 242 
Reason 245 

Reason and consequence 73 
Reduction and maturation division, 
336. 364. 37» 

Reflexion 103 

Refraction, law of 103, 119, 234 
Regeneration 331, 339, 342, 354!. 
Relators, organic 387 
Rejuvenation 360 


Relativity, theory of 51, 53, 101, 

178. 195. 210. 267!. 

Religions 509. See also God and the 
World 

Reproductive cells 335, 364 
Resonance 165 
Rhenium 171 

Rbntgen rays. See X-rays 
Russell dia^am 284 
Rydberg constant 169, 178 


Seasonal polymorphism 346, 461 
Secretions of glands 35 if. 

Selection, theory of 359, 452, 456, 470 
Sense, deceptions of, 100 
Sense impressions 77, 89, 149, 209 
Sense organs of plants 405, 412 
Sensibility of protoplasm 411 
Sensitive peric^s of organisms 346, 461, 
466 

Series, infinite 231 

Series, law of spectral 168, 178 

Sex characteristics 35 2f. 

Sex-linked inheritance 335f., 371, 374 
Sexual dimorphism 473 
Sin 602 

Sine curve 106, 143 
Single variations 458, 470 
Social life 509, 550&. 

Society, human 553 
Solutions 20 

Soma and germ path 363, 463, 466, 469 
Somatic induction 466 
Space and time 50, 140, i43ff ., 148, 152, 
197. 244, 255, 533f. 

Space lattice 15, 22f., 169 
Species, concept of, constancy of, 383, 
436ff., 456, 473 
Species, formation of, 436ff. 

Species, plasm 446 

Spectrum, spectroscopic theory ii6f., 
136!., i65ff., i73f., i77f., 213, 278 
Speech 504, 508 
Spermatozoa 341 
Spiral nebula 273, 277 
'Spiritualism' and materialism 420, 
422, 516 

Spiritualism (occultism), 522fl. 

Stark effect 168, 188 
State energy of 81 
Statistics 68, 207ff , 2i3ff., 471, 537 
Stereochemistry 311 
Sterilisation 303, 310 
Stimuli, action in response to 320, 406, 
411 

Stratosphere 291 
Structural formula 17 
Substance, law of 2, 63, 65, 194, I97fi.* 
219 



SUBJECT INDEX 


Succession 67 
Suggestion 462, 516 
Suspensions 2of., 93, 388 
Symbiosis 401 

Syntheses of organic substances 17, 
308, 313 

Talent, inheritance of 55of . 

Taxis 412 
Telegony 383 

Teleology 87!, 204, 208, 3855., 396, 
594 

Telepathy 52 if. 

Temperature 206, 224 
Tertiary man 491, 500 
Theism. See God and the World 
Theodicy 484, 609 
Theory 33, 590 

Thermo dynamics, laws of 17, 95S., 257 
Thermometry 77, 224^. 

Thing 89, loi, 243 
Thin layer 19 

Time 49f., 75, i4of , 144, 156, 244, 
256, 267, 405, 418, 533ff » 536 
Tissue culture 350 
Tools, use of 504, 5o8f. 

Transmutation 5, 8 
Transplantation 347 
Transposition 522, 527 
Tropism 396, 412, 519 
Troposphere 291 
Truth 40, 237, 245, 589, 59iff. 

Trying and remembering 414, 482, 504 
Tumours 350 

Twins, investigation of 357 
Typology 542 

Ultra filtration 21 
Ultra microscope 13, 21, 27 
Ultra-violet and infra-red rays 116 
Uncertainty principle 209, 218, 386, 

471 

Unconscious 463, 5i6ff., 52iff., 531, 

567 

Unity of matter 7, 84, 134, 201 
Unity of physical forces 85, 90, loi, 
122, 193, 20iff., 216 
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Universals 233, 245, 399, 542 
Universe 248^. 

Uranium 129!, 288 
Urea, s3mthesis of 308, 330 

Valency 17, 172 
Validity 202, 270, 533, 566, 589 
Values 533, 563, 589, 594 
Variability of species 382, 438, 4560., 
554 

Varieties of organisms, local 461 
Vegetation points 363 
Vibrations I04f. 

Vibrations, electrical 112 
Virtual motions 86 

Vitalism 299, 308, 311, 324!, 328, 338, 
346, 355» 382, 387!., 397ff.. 419. 428 
Vitamins 302 
Volvox 315 
Vulcanism 290 

Wave length, scale of iisf. 

Wave mechanics 185, 194, 198 
Waves, theory of 1048., 112, 188, 
198!., 208 

Weight and mass 56 
Wholes 314, 321, 326, 331, 344, 40o£f,. 
423> 433 

WUl, freedom of 220, 506, 533ff. 

Work 62, 80, 96 
World development 200 
World, finiteness of 256E. 

World ice 281 
World lines 144, 217 
World, Minkowski 143!., 156, 162, 
269f., 534 

World Spirit (Laplace) 63, 154, 202, 
205, 214, 537 

World view, mechanical 76, 121, 193, 
203, 214, 220 

World will, world evil 536, 600, 607 

X-chromosomes 372 

X-rays 16, 23, 128, 1695., 183, 319 

Zeemann effect 167, 179, 277 
Zero, absolute 78, 92, 98 







